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CHAPTER 1: INTRODUCTION

1.1 Purpose
The purpose of the Liberty Reservoir Watershed Characterization Report is to:

1. Summarize the factors that may affect the water quality of the Liberty Reservoir watershed such
as landscape, geomorphology, hydrology, and biological characteristics;

2. Explain the current conditions of Liberty Reservoir watershed and its natural resources;
3. Describe human impacts on the watershed such as development and land use; and

4. Identify restoration and preservation strategies appropriate for accomplishing watershed
improvement goals.

The observations and conclusions presented in this watershed characterization report will be used to
develop a Small Watershed Action Plan (SWAP) for the Liberty Reservoir watershed.

1.2 Watershed Location and Scale

The Liberty Reservoir watershed is located in the Piedmont Plateau physiographic province of Maryland
and includes portions of Baltimore and Carroll counties. Only the portion of the watershed that resides in
Baltimore County east of the reservoir, identified as SWAP Area S, is addressed in this watershed
characterization report and SWAP. Herein, it will be referred to as the Liberty Reservoir watershed (see
Figure 1-1). The Liberty Reservoir watershed has an extent of approximately 17,502 acres which includes
the land area (16,449 acres) as well as the Baltimore County portion of the Liberty Reservoir (1,053 acres).
The land area acreage has been used for analysis throughout this study. The watershed drains the eastern
side of the reservoir watershed to the impoundment of the Liberty Reservoir, after which it continues to
the Patapsco River and the Chesapeake Bay. The Liberty Reservoir watershed is bordered to the east by
the Loch Raven Reservoir watershed and the Gwynns Falls watershed, to the south by the Patapsco River
Lower North Branch watershed, and to the west by Carroll County and the western portion of the Liberty
Reservoir watershed.

The Liberty Reservoir watershed was subdivided into smaller drainage areas or subwatersheds, which are
listed in Table 1-1 with respective drainage areas in acreage and square miles. The three most northern
subwatersheds, Deep Run-Liberty, Aspen Run, and Board Run, were combined into one subwatershed
herein referred to as Board-Aspen Run. In addition to characterizing the entire watershed, analyses were
conducted on a subwatershed scale to provide detailed information for smaller areas and to focus
restoration and preservation efforts. Also, success of restoration efforts can be more easily monitored
and measured on this smaller scale. Figure 1-2 shows the 14 subwatersheds comprising the Liberty
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Figure 1-1: Location of Liberty Reservoir Watershed
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Table 1-1: Liberty Reservoir Subwatershed Areas

Area Area
Subwatershed (Acres) (Sq Miles)
Board-Aspen Run 758 1.18
Cliffs Branch 3,142 491
Glen Falls Run 2,059 3.22
Liberty Reservoir-B 638 1.00
Keyser Run 1,006 1.57
Liberty Reservoir-E 280 0.44
Norris Run 1,790 2.80
Liberty Reservoir-C 391 0.61
Timber Run 932 1.46
Cooks Branch 786 1.23
Liberty Reservoir-F 2,014 3.15
Chimney Branch 439 0.69
Liberty Reservoir-A 786 1.23
Locust Run 1,428 2.23
Total 16,449 25.70
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Figure 1-2: Liberty Reservoir Subwatersheds
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1.3 Report Organization
The Liberty Reservoir Watershed Characterization report is organized into the following six chapters:

Chapter 1 — Explains the purpose of the report and the location and scope of the watershed
characterization.

Chapter 2 — Summarizes characteristics related to landscape and land use that may affect natural
resources and water quality in the Liberty Reservoir watershed. This chapter contains landscape
information related to natural features such as geology, topography, soils, forest cover, and streams.
Information pertaining to human influence on landscape is also discussed, including land use, population,
impervious cover amount, water distribution, and stormwater infrastructure.

Chapter 3 — Discusses water quality and quantity conditions in the watershed based on available
monitoring data and stream assessment data.

Chapter 4 — Describes the upland assessments conducted to identify pollutant sources and restoration
opportunities for four assessment categories: neighborhoods, hotspots, institutions, and pervious areas.

Chapter 5 — Presents restoration and preservation strategies appropriate for accomplishing watershed
goals developed by the community and the Liberty Reservoir SWAP Steering Committee.

Chapter 6 — Lists the references consulted during the development of this report.
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CHAPTER 2: LANDSCAPE AND LAND USE

2.1 Introduction

This chapter discusses land cover and land use in the Liberty Reservoir watershed describing
characteristics of both the natural land surface as well as development activities taking place within the
watershed. Natural characteristics such as soil type and development related features such as impervious
cover strongly influence the quantity and quality of watershed runoff. For example, the infiltration
capacity of soils found on pervious ground affects the amount and rate at which precipitation will be
absorbed into the ground surface; impervious surfaces, such as buildings and paved areas, impede rainfall
infiltration, which can lead to flooding, erosion, and eventually a decrease in groundwater supply. In
addition, the type and extent of pollutants carried by stormwater are affected by land use characteristics.
Residential or agricultural areas may contribute fertilizers and pesticides to stormwater runoff. Depending
on the land use activities taking place, developed areas may transmit pollutants such as trash, bacteria
from livestock and pet waste, and chemicals directly to receiving water bodies if there is an inadequate
vegetative buffer to filter out the pollutants before the runoff reaches the water. The information
presented in this chapter provides the physical setting and background necessary to evaluate watershed
elements including water quality, natural resources, restoration, and management.

2.2 Natural Landscape

Natural land surface characteristics relevant to watershed properties and processes are described in the
following sections. These topics include climate, watershed delineation, topography, geology, soil
properties, forest cover, and stream systems.

2.2.1 Climate

Climate is an important consideration when evaluating water quality, because it can influence soil and
erosion processes, stream flow patterns, and topography. Climate affects vegetative growth and
determines the species composition of terrestrial and aquatic life of a region. While rainfall patterns are
an important component of the hydrology of a watershed and can affect watershed management
strategies.

The Liberty Reservoir region has a humid continental climate with four distinct seasons. It has a relatively
temperate climate due to the combined effects of the Appalachian Mountains to the west and the
Chesapeake Bay and Atlantic Ocean to the east. Average annual rainfall in Baltimore, Maryland is 41.88
inches based on 30 years of data (1981-2010) (NOAA, 2013a). Rainfall is uniformly distributed throughout
the year, with monthly averages ranging from 2.90 inches for February to 4.07 inches for July. Most
snowfall occurs in December, January, February, and March with an average annual snowfall of 20.1
inches based on 30 years of data (1981-2010) (NOAA, 2013b).

2.2.2 Watershed Delineation

A watershed-based approach for evaluating water quality conditions and improvement potential requires
determining the drainage areas that contribute runoff and groundwater to a specific water body. Drainage
areas vary greatly in size depending on the scale of the stream system of interest. Drainage areas for large
river, estuary, and lake systems are typically on the order of several thousand square miles and are often
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referred to as basins. The Chesapeake Bay basin covers over 64,000 square miles, which includes over
100,000 tributaries and spans across portions of six different states (CBP, 2012). Basins consist of smaller
sub-basins, which refer to drainage areas on the order of several hundred square miles and may consist
of one or more major stream networks. Maryland has 13 sub-basins including the Patapsco/Back River
sub-basin, which encompasses the study area for this report. Sub-basins are further subdivided into
watersheds and then subwatersheds, which are the most commonly used and practical hydrologic units
for management and restoration purposes. There are 138 state-defined watersheds (called 8-digit
watersheds) in Maryland, ranging in size from 20 to 100 square miles, and these are comprised of over
1,100 subwatersheds (called 12-digit watersheds) identified by the Maryland Department of Natural
Resources (DNR). A subwatershed refers to the drainage area of a specific stream and typically covers 10
square miles or less (DNR, 2005).

There are 14 8-digit watersheds in Baltimore County. The 8-digit Liberty Reservoir watershed (02-13-09-
07) is approximately 164 square miles and encompasses portions of Baltimore and Carroll counties. The
portion of the Liberty Reservoir 8-digit watershed located in Baltimore County is approximately 26 square
miles (16,449 acres). For planning and management purposes, the Liberty Reservoir watershed has been
further subdivided into 14 subwatersheds by Baltimore County, as illustrated in Figure 1-2. Watershed
delineations were provided by the Baltimore County Office of Information Technology (OIT) via spatial
data based on 1998 Maryland state-defined 8-digit and 12-digit watershed information.

2.2.3 Topography

The topography of a region describes the shape of the land including locations and elevations of surface
features such as ridges and valleys. Land shape characteristics such as steepness affect the direction and
magnitude of surface water flows, degree of soil erosion, and suitability for development. Land surface
topography affects water quality as steeper slopes are more prone to overland flow and soil erosion
resulting in a greater potential to generate pollutants in runoff. Soil slope data for the Liberty Reservoir
watershed was obtained from the Natural Resources Conservation Service (NRCS) Soil Survey Geographic
(SSURGO) database (USDA, 2013) and divided into the following five slope ranges, which were derived
from slope classification definitions in the U.S. Department of Agriculture (USDA) Soil Survey Manual
(USDA, 1993).

o Nearly level (0 to 3% slopes)

e Gently sloping, undulating (3 to 8% slopes)
e Strongly sloping, rolling (8 to 15% slopes)
e Moderately steep, hilly (15 to 25% slopes)
e Steep (> 25% slopes)

Table 2-1 provides a summary of the percent breakdown of soil slopes by watershed. The Liberty Reservoir
watershed has a variety of slope classifications. Overall, the watershed has a significant portion of soil
slopes in the strongly sloping (34%) and gently sloping (33%) categories. Overall, the moderately steep
and steep categories are located near the streams and the nearly level and gently sloping categories are
located in the upland portion of the watershed. Based on soil slope alone, the Liberty Reservoir watershed
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is prone to erosion by overland flow; however, the degree of erosion is also dependent on soil type and
land use/land cover. The subwatersheds with the flattest topography are Board-Aspen Run and Cliffs
Branch, both with approximately 16% nearly level land. Liberty Reservoir-A has the highest percentage of
steep slopes at 17% followed by Liberty Reservoir-E with a percentage of steep soils of 14%. Soil slopes
within Liberty Reservoir are shown in Figure 2-1.

Table 2-1: Liberty Reservoir Slope Classification by Subwatershed

SLOPE CATEGORY %
Gently Strongly
Nearly sloping, sloping, Moderately
Level undulating rolling steep, hilly Steep
Subwatershed (0-3%) (3-8%) (8-15%) (15-25%) (>25%)
Board-Aspen Run 15.89 52.03 23.56 6.92 1.60
Cliffs Branch 15.88 36.16 31.44 11.03 5.48
Glen Falls Run 9.65 32.46 33.67 18.98 5.24
Liberty Reservoir-B 3.22 24.70 36.11 35.47 0.50
Keyser Run 6.00 34.67 36.08 18.02 5.23
Liberty Reservoir-E 0.23 11.81 41.89 31.71 14.36
Norris Run 6.44 34.21 37.34 17.86 4.14
Liberty Reservoir-C 0.39 19.48 39.35 29.12 11.66
Timber Run 7.50 23.16 43.17 21.83 4.33
Cooks Branch 8.18 31.60 34.19 17.22 8.81
Liberty Reservoir-F 3.24 29.29 36.60 22.37 8.49
Chimney Branch 7.00 26.07 38.76 28.17 0.00
Liberty Reservoir-A 1.05 27.49 28.74 25.64 17.08
Locust Run 7.88 44.11 29.40 15.14 3.47
Total 8.36 33.15 34.13 18.47 5.89
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Figure 2-1: Liberty Reservoir Topography based on Soil Slopes
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2.2.4 Geology

The geology of an area affects the chemical composition of surface water and groundwater, as well as
groundwater and well recharge rates. It is also relevant to soil formation and influences the buffering
capacity of pollutants to water bodies in developed areas. Consequently, geology often has a close
correlation to water quality.

The Liberty Reservoir watershed is located in the Upland Section of the Piedmont Plateau Province of
Maryland. Soils in this region consist of very deep, moderately sloping, well drained upland soils. The
dominant piedmont soils in the Baltimore area consist of Ultic Hapludalfs. The region contains contrasting
rock types, such as highly metaphorphosed sedimentary and igneous rocks of volcanic origin as well as
granitic plutons and pegmatites, which create a distinctive topography (MGS, 2014).

The entire watershed falls under the Harford Plateaus and Gorges Region of the Piedmont Plateau
Province. The physiographic characteristics of this region are gently rolling or moderately hilly landscapes.
Physiographic regions are further subdivided into districts. The entire Liberty Reservoir watershed falls
within the Hampstead Upland District which is characterized by rolling to hilly uplands interrupted by
steep-walled gorges producing distinctive hills, valleys, and ridges (MGS, 2008). The main geological
formations of the Liberty Reservoir watershed consist primarily of coarse-grained quartz schist and fine-
to medium-grained mafic schists (MGS, 2008). Within Hampstead Upland District, the watershed has two
unique areas: the Soldiers Delight Area, which is underlain with Serpentinite and the Upper Patapsco River
Gorge Area, which includes the narrow, step gorge of the upstream Patapsco River (MGS, 2008). The
geology is closely correlated with water quality and affects the buffering of pollution to stream systems
in developed areas.

2.2.5 Soils

Soil characteristics are an important consideration when evaluating water quantity and quality in streams
and rivers. Soil type and moisture content impact how land may be used and its potential for vegetation
and habitat. Soil conditions are also evaluated for projects aimed at improving water quality and habitat.

Soils data including hydrologic soil groups and soil erodibility for the Liberty Reservoir watershed was
obtained from spatial data provided by the NRCS SSURGO database (USDA, 2013).

2.2.5.1 Hydrologic Soil Groups

The NRCS classifies soils into four hydrologic soils groups (HSG) based on their runoff potential and
infiltration rates. Soils with high runoff potential have low infiltration capacity and tend to cause overland
flow instead of allowing stormwater to infiltrate. Infiltration rates are highly variable among soil types and
are influenced by disturbances to the soil profile such as land development activities. For example,
urbanization on land composed of high infiltration soils (such as sands and gravels) will greatly increase
runoff from the pre-development runoff rate. Whereas development on land composed of low infiltration
soils (such as silts and clays) will have less of an impact on runoff.

The four hydrologic soil groups range from A to D, lowest runoff potential to highest, respectively. Brief
descriptions of each hydrologic soil group are provided below. Further explanation can be found in
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chapter 7 of the USDA/NRCS publication, National Engineering Handbook- Hydrology Chapters (USDA &
NRCS, 2009).

e Group Asoils include sand, loamy sand, or sandy loam types. These soils have low runoff potential
when thoroughly wet and a high infiltration rate. This type of soil generally consists of sands and
gravels, typically have less than 10 percent clay, and have gravel or sand textures. These soils have
a high rate of water transmission.

e Group B soils include well aggregated loam, silt loam, or sandy clay loam. These soils have a
moderately low runoff potential when thoroughly wet. These soils generally contain between 10
to 20 percent clay and 50 to 90 percent sand with a loamy sand or sandy loam texture. Water
transmission through these soils is moderate.

e Group Csoils include silt loam, sandy clay loam, clay loam, and silty clay loam textures. These soils
have a moderately high runoff potential when thoroughly wet. This soil typically contains between
20 to 40 percent clay and less than 50 percent sand. Water transmission through these soils is low
and somewhat restricted.

e Group C/D soils are wet Group C soils, including silt loam, sandy loam, clay loam, and silty clay
loam. These wet soils are placed in a dual category due to the presence of a water table within 24
inches of the surface. The first letter refers to the drained condition while the second letter
describes the undrained condition. Only wet soils that can be adequately drained are placed into
dual categories.

e Group D soils include clayey textures. These soils have high runoff potential when thoroughly wet.
These soils generally contain greater than 40 percent clay and less than 50 percent sand. These
consist mainly of clays with high swell potential, soils with a permanent high water table, soils
with a claypan or clay layer at or near the surface, and shallow soils over nearly impervious
material. Water transmission through this soil is very restricting with very low infiltration rates.

As shown in Table 2-2 and Figure 2-2, most of the Liberty Reservoir subwatersheds possess similar
hydrologic soil group characteristics in both the upland and bottomland areas with the exception being in
the Soldiers Delight Area. Nearly 65% of the Liberty Reservoir watershed falls into hydrologic soil group B
which has a moderate infiltration rate and therefore, relatively low runoff potential. Approximately 16%
of the watershed falls into soil group D exhibiting low infiltration and a high runoff potential. The D soils
group is generally found along the stream valley and bottomlands of each subwatershed and in the
Soldiers Delight Area. There are no soils within the watershed that fall into soil group A, which are
characterized by high infiltration rates and low runoff potential.
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Table 2-2: Liberty Reservoir Hydrologic Soil Groups

Hydrologic Soil Group (%)

Subwatershed C D
Board-Aspen Run 0.0 67.5 9.6 0.0 22.6 0.4
Cliffs Branch 0.0 67.4 10.4 0.0 22.1 0.1
Glen Falls Run 0.0 71.0 13.4 0.0 15.3 0.3
Liberty Reservoir-B 0.0 76.6 10.6 0.0 7.7 5.1
Keyser Run 0.0 69.2 17.8 0.0 13.0 0.0
Liberty Reservoir-E 0.0 60.8 25.1 0.0 34 10.8
Norris Run 0.0 63.4 23.1 0.0 13.5 0.0
Liberty Reservoir-C 0.0 86.1 10.9 0.0 2.8 0.3
Timber Run 0.0 67.6 224 0.0 10.0 0.0
Cooks Branch 0.0 63.9 19.9 4.7 11.5 0.0
Liberty Reservoir-F 0.0 59.7 20.1 5.9 11.7 2.6
Chimney Branch 0.0 9.6 30.9 15.9 43.6 0.0
Liberty Reservoir-A 0.0 93.6 1.0 2.3 0.9 2.1
Locust Run 0.0 44.2 18.9 15.9 20.9 0.2
Total 0.0 64.8 16.0 2.9 15.5 0.9
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Figure 2-2: Liberty Reservoir Hydrologic Soils Groups
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2.2.5.2 Erodibility

Erodibility is the susceptibility of soil to erosion. It is quantified by the K factor, which is used in the
Universal Soil Loss Equation (USLE) developed by USDA’s Agricultural Research Service to estimate the
rate of erosion and soil loss for a particular site. Soil erodibility is determined based on the physical and
chemical properties of the soil, which represent how strongly soil particles cohere to one another. Soils
with low K factors indicate low erodibility or high resistance to detachment, and soils with high K factors
indicate high erodibility potential. For example, soils high in clay content are the least erodible with K
values of about 0.05 to 0.15, and soils with high silt content are the most erodible with K values often
greater than 0.4 (IWR, 2002).

Table 2-3 summarizes soil erodibility values in the Liberty Reservoir watershed by subwatershed.
Erodibility K factors range from 0 to 0.49 and were grouped into 3 categories as follows:

e Low Erodibility (0 < K factor < 0.24);
o Medium Erodibility (0.24 < K factor < 0.32); and
e High Erodibility (0.32 < K factor < 0.49)

A portion of the soils within the SSURGO data do not have a K factor associated; these areas are conveyed
in the “N/A” category as seen in Table 2-3 and Figure 2-3.

Table 2-3: Liberty Reservoir Soil Erodibility Categorization Based on K Factor

Soil Erodibility Category (%)

Subwatershed Low Medium High N/A
Board-Aspen Run 25.9 28.8 41.7 3.6
Cliffs Branch 36.0 28.6 27.8 7.7
Glen Falls Run 37.3 17.9 32.5 12.3
Liberty Reservoir-B 42.4 2.8 23.6 31.2
Keyser Run 32.5 17.3 31.9 18.3
Liberty Reservoir-E 43.8 0.2 3.5 52.5
Norris Run 38.5 9.6 30.7 21.2
Liberty Reservoir-C 48.4 0.0 124 39.2
Timber Run 29.9 8.3 35.9 25.9
Cooks Branch 21.1 12.6 27.4 38.9
Liberty Reservoir-F 26.8 8.2 22.6 42.3
Chimney Branch 18.5 29.7 16.7 35.0
Liberty Reservoir-A 20.9 17.1 35.0 27.0
Locust Run 11.9 22.5 43.7 21.8
Total 31.1 17.0 29.5 22.4

15



Liberty Reservoir (Area S) Parsons Brinckerhoff
Watershed Characterization March 2015

As shown in Table 2-3 and Figure 2-3, there is a significant presence of all three soil erodibility categories
in the Liberty Reservoir watershed. Medium erodible soils are more evident in Board-Aspen Run, Cliffs
Branch, and Chimney Branch, with approximately 29%, 29%, and 30% medium erodible soils, respectively.
Highly erodible soils are the most evident in Board-Aspen Run and Locust Run (>40%). Soils within Liberty
Reservoir-C have the highest percentage of soils with low erodibility. Soils with low erodibility correspond
to soils with very low infiltration rates (pertaining to hydrologic soil group D). The majority of the Liberty
Reservoir watershed soils have moderate infiltration rates (hydrologic soil group B) resulting in higher
erodibility. Approximately 22% of the total watershed soils do not have an associated K factor in the
SSURGO database.

Subwatersheds with larger percentages of highly erodible soils present the greatest potential for
addressing soil conservation issues via best management practices (BMPs), such as minimizing bare soil
and keeping topsoil in place. Soil erodibility data is also useful in combination with other information such
as location of cropland, slope steepness, and distance from streams to determine where other BMPs, such
as retirement of highly erodible cropland, are appropriate. High K factor values also serve as a warning for
planning of urban activities near streams such as road construction and utility placements.
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Figure 2-3: Liberty Reservoir Soil Erodibility Based on K Factor
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2.2.6 Forest Cover/Forest Canopy

Forests provide the greatest protection among land cover types for water and soil quality. In pristine
systems, forest and soils co-evolve, shaping the hydrologic cycle; these systems operate within a natural
range of variability, assuring healthy habitat and water quality. The Liberty Reservoir watershed consisted
mainly of old-growth forest prior to colonial settlement, as is true for the entire Chesapeake Bay basin.
Although the watershed is relatively rural, deforestation has occurred; however, even in developed
systems, forest cover can still provide many benefits such as reducing erosion potential and protecting
water quality if carefully planned and conserved.

For the Liberty Reservoir watershed, forest cover and forest canopy were both examined. Forest cover
implies not only the presence of a tree canopy, but also understory vegetation with little or no impervious
structures. Forest canopy indicates that a tree canopy is present, but the land use beneath the canopy
may be pavement, homes, turf grass, etc.

Liberty Reservoir forest cover data was obtained from the Maryland Department of Planning (MDP) 2010
land use/land cover Geographic Information System (GIS) shapefile. Forest cover included deciduous,
evergreen, and mixed forest classifications. Table 2-4 lists the number of acres of forest cover for each
subwatershed in the Liberty Reservoir watershed, along with the percent of the watershed that is
forested. Figure 2-4 shows the distribution of forest cover within the watershed. The Liberty Reservoir
watershed contains approximately 6,929 acres of forest cover, or approximately 42% of the watershed.
The highest forest cover percentages are found in Liberty Reservoir-E, Timber Run, Chimney Branch, and
Locust Run, all with more than 60% forest cover. The subwatersheds with the lowest forest cover
percentages are Board-Aspen Run, Cliffs Branch, and Keyser Run, with 14.9%, 21.8%, and 24.7% forest
cover, respectively. Board-Aspen Run and Cliffs Branch are dominated by agriculture, and although some
of the land is in agricultural preservation easements, they may still offer some potential opportunity for
reforestation.

Forest canopy data for the Liberty Reservoir watershed was obtained from 2007 Urban Tree Canopy Land
Cover spatial data for Baltimore County. This data was created based on 2007 infrared aerial imagery and
2005 LiDAR data by the University of Vermont Spatial Analysis Laboratory. Using the MDP land use/land
class data, forest canopy was superimposed to determine which land use the forest canopy presides. The
land use was divided into four major categories: forest, agriculture, residential, and other. The other
category consists of land uses such as commercial, industrial, institutional, bare ground, et cetera, that
amount to a minor portion of the total watershed. Table 2-5 summarizes the different forest canopied
areas in each sub basin as well as the total percentage of tree canopy present in each sub basin. The
“other” category includes tree canopy present on commercial, institutional, industrial, transportation,
water/wetlands, and open urban land. Figure 2-5 shows the distribution of forest canopy by land use
throughout the watershed. Approximately 60% of the Liberty Reservoir watershed is shaded with tree
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canopy. The majority of the canopy resides within forest cover land use; however a significant portion of
canopy is also present within residential land use.

Since the forest canopy includes coverage from multiple land uses, all of the subwatersheds have a higher
percentage of forest canopy than forest cover. Notable differences are shown in Liberty Reservoir-B,
Keyser Run, Liberty Reservoir-C, and Cooks Branch.

Table 2-4: Liberty Reservoir Forest Cover by Subwatershed

Forested

Subwatershed Total Acres Acres % Forested
Board-Aspen Run 758 113 14.9%
Cliffs Branch 3,142 685 21.8%
Glen Falls Run 2,059 906 44.0%
Liberty Reservoir-B 638 268 42.0%
Keyser Run 1,006 248 24.7%
Liberty Reservoir-E 280 170 60.9%
Norris Run 1,790 647 36.2%
Liberty Reservoir-C 391 197 50.3%
Timber Run 932 580 62.2%
Cooks Branch 786 331 42.1%
Liberty Reservoir-F 2,014 1170 58.1%
Chimney Branch 439 288 65.5%
Liberty Reservoir-A 786 465 59.2%
Locust Run 1,428 860 60.2%
Total 16,449 6,929 42.1%
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Figure 2-4: Liberty Reservoir Forest Cover
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Table 2-5: Liberty Reservoir Acres of Forest Canopy per Land Use Classification

Total Forest % Forest

Subwatershed Forest Agriculture  Residential Other Canopy Canopy
Board-Aspen Run 92 62 75 2 231 30.5%
Cliffs Branch 597 210 248 34 1,089 34.7%
Glen Falls Run 851 72 312 51 1,286 62.4%
Liberty Reservoir-B 252 14 130 37 432 67.8%
Keyser Run 222 77 199 32 531 52.8%
Liberty Reservoir-E 149 17 4 19 190 67.9%
Norris Run 523 65 427 49 1,063 59.4%
Liberty Reservoir-C 185 68 45 33 331 84.7%
Timber Run 549 24 159 1 733 78.6%
Cooks Branch 301 13 235 0 549 69.9%
Liberty Reservoir-F 1,106 89 225 111 1,531 76.0%
Chimney Branch 236 20 46 2 305 69.4%
Liberty Reservoir-A 443 22 60 44 570 72.4%
Locust Run 781 48 159 27 1,015 71.1%
Total 6,287 801 2,325 444 9,856 59.9%

* includes tree canopy present on commercial, institutional, industrial, transportation, water/wetlands, and open urban land
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Figure 2-5: Liberty Reservoir Forest Canopy by Land Use Classification
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2.2.7 Stream Systems

All of the streams within a watershed make up its stream system, the most visible part of the hydrologic
cycle. Streams are the flowing surface waters of the watershed, and while they are separate from
groundwater and standing surface water such as lakes, they are closely connected to both. The stream
system is an intrinsic part of the landscape and closely reflects conditions on the land. Streams are a
fundamental natural resource with numerous benefits for plants, animals, and humans. Maintaining a
healthy stream system is a priority for many individuals and organizations and requires ensuring that
stream flows and water quality closely mimic the conditions found in un-impacted watersheds.

2.2.7.1 Stream System Characteristics

The subwatersheds with the most stream miles include Cliffs Branch, Glen Falls Run, and Liberty Reservoir-
F and compromise approximately 44% of all the stream miles in the watershed. The Liberty Reservoir
watershed was divided into a smaller series of subwatersheds. These subwatersheds were delineated
based on the drainage areas contributing to major creeks and rivers as well as geographic/property
considerations within the watershed. Baltimore County delineated 14 subwatersheds for the Liberty
Reservoir watershed. Figure 2-6 shows the system of streams and subwatersheds comprising the Liberty
Reservoir watershed. Table 2-6 summarizes the number of stream miles in each subwatershed along with
stream density, defined as miles of stream per square mile of subwatershed area. Comparing the stream
density of each subwatershed gives an indication of how much the streams have been altered, especially
headwater streams. Headwater streams are the smaller tributaries that carry water from the upper
reaches of the watershed to the main channel. As an area becomes urbanized, headwater streams are
often filled in or incorporated into storm sewer systems (i.e. piped). This alters the hydrologic connectivity
and physical habitat of the headwater streams and consequently, the watershed as a whole. Comparing
the stream densities of each subwatershed in Table 2-6 with the land uses in Table 2-8 shows a correlation
between stream density and percent cover of forest, agriculture, and residential. Compared to the 13
completed SWAPs in Baltimore County that calculated stream density, Liberty Reservoir has one of the
highest overall stream densities at 6.1 stream miles/sq. miles. Other watersheds have an average density
between 0.9 and 7.0 steam miles/sq. miles, indicating that Liberty Reservoir has relatively unaltered
stream channels.

There are nearly 158 miles of stream in the Liberty Reservoir watershed, all of which eventually drain to
the Chesapeake Bay. Stream data for the watershed is provided by Baltimore County OIT based on the
hydrology lines captured from 3D compilation processes using imagery captured in 2008.
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Table 2-6: Liberty Reservoir Stream Mileage and Density

Subwatershed

Area

Stream
Length

Stream
Density (mi.

(Sq Miles)

(Miles)

/sq. mi.)

Board-Aspen Run 1.18 5.25 443
Cliffs Branch 4.91 27.20 5.54
Glen Falls Run 3.22 24.46 7.60
Liberty Reservoir-B 1.00 5.32 5.34
Keyser Run 1.57 11.12 7.07
Liberty Reservoir-E 0.44 2.43 5.55
Norris Run 2.80 14.95 5.34
Liberty Reservoir-C 0.61 4.63 7.59
Timber Run 1.46 10.86 7.46
Cooks Branch 1.23 8.44 6.88
Liberty Reservoir-F 3.15 17.76 5.65
Chimney Branch 0.69 6.68 9.74
Liberty Reservoir-A 1.23 3.42 2.78
Locust Run 2.23 14.61 6.55
Total 25.70 157.14 6.11
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Figure 2-6: Liberty Reservoir Stream System
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2.2.7.2 Stream Riparian Buffers

Riparian buffer refers to the vegetated area adjacent to streams and other water bodies that protect them
from pollutant loads while also providing bank stabilization and habitat. Forested buffer areas along
streams play a crucial role in improving water quality and flood mitigation as they can intercept and reduce
surface runoff, stabilize stream banks, trap sediment, and provide habitat for various types of terrestrial
and aquatic life. For example, tree roots capture and remove pollutants including excess nutrients such
as nitrogen from shallow flowing water; the tree root structure also holds together the soil to reduce
erosion potential and slows water flow which reduces sediment load and flooding risk. Tree canopies
provide shade that helps to maintain the cooler water temperatures preferred by many aquatic
organisms, particularly cold-water species like trout. In smaller tributaries, terrestrial plant material that
falls into the stream is the primary source of food for stream life. While leaves provide seasonal food for
stream life at the base of the food chain, fallen tree branches and trunks provide a more consistent, slow-
release food source throughout the year. Tree roots and snags also offer habitat and spawning areas for
fish and other aquatic species.

Maintaining healthy streams and forest buffers are important for reducing nutrient and sediment loads
to the Liberty Reservoir watershed, and thus to the Chesapeake Bay. When stream riparian buffers are
converted from forest to agriculture or urban development, many of these benefits are lost and stream
health declines. Riparian buffer zones can be re-established or preserved as a BMP to reduce land use
impacts by intercepting and controlling pollutants entering a water body.

The condition of stream riparian buffers in the Liberty Reservoir watershed was analyzed based on a 100-
foot buffer on both sides of all streams. It should be noted that this 100-foot buffer is different than the
regulated “forest buffer” mentioned in Article 33, Title 3 of the Baltimore County Code. The regulated
forest buffer is used primarily as a setback when development is to occur near a stream. For this analysis,
the condition of the riparian buffer was classified using three categories: impervious, open pervious, or
forest. The stream data described in the previous section were used as a base to create the 100-foot
buffer. The road and building data and the urban tree canopy data were overlaid with the 100-foot buffer
area to obtain the impervious and forested areas lying within the buffer zone, respectively. Remaining
areas that were not impervious or forested were classified as open pervious. Table 2-7 summarizes stream
riparian buffer conditions by subwatershed and the spatial distribution is shown in Figure 2-7.
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Table 2-7: Liberty Reservoir Land Cover in the 100-ft Stream Buffer

IMPERVIOUS OPEN PERVIOUS FOREST Total % of

Subwatershed Acres % Acres % Acres % Watershed
Board-Aspen Run 3.6 2.9% 56.7 45.6% 64.1 | 51.5% 124.5 3.2%
Cliffs Branch 9.5 1.5% 252.2 40.8% 356.4 | 57.7% 618.0 15.8%
Glen Falls Run 22.9 4.1% 97.5 17.4% 440.0 | 78.5% 560.5 14.3%
Liberty Reservoir-B 7.4 4.9% 38.2 25.6% 103.6 | 69.5% 149.2 3.8%
Keyser Run 15.1 5.8% 86.8 33.2% 159.6 | 61.0% 261.5 6.7%
Liberty Reservoir-E 0.3 0.4% 204 25.4% 59.6 | 74.2% 80.3 2.0%
Norris Run 8.8 2.4% 69.3 18.8% 290.4 | 78.8% 368.5 9.4%
Liberty Reservoir-C 2.6 2.0% 6.8 5.2% 121.5 | 92.8% 130.9 3.3%
Timber Run 3.2 1.4% 16.3 6.8% 219.1 | 91.8% 238.6 6.1%
Cooks Branch 0.7 0.4% 20.0 10.4% 171.5 89.2% 192.3 4.9%
Liberty Reservoir-F 5.8 1.0% 93.0 16.8% 453.7 | 82.1% 552.5 14.1%
Chimney Branch 0.9 0.6% 33.9 23.6% 109.3 75.9% 144.1 3.7%
Liberty Reservoir-A 1.5 1.0% 22.2 14.3% 1315 | 84.7% 155.3 4.0%
Locust Run 2.8 0.8% 46.8 13.6% 293.5 | 85.5% 343.1 8.8%
Total 85.2 2.2% 860.1 21.9% | 2,973.9 | 75.9% | 3,919.2 100.0%

The largest percentage of the riparian buffers falls under forest (approximately 76%), which is an
important area to protect and maintain. In comparison, total impervious areas within the stream riparian
buffer zones are reasonably low at approximately 2% for the watershed, which is indicative of the rural
setting of the watershed. Keyser Run has the highest subwatershed percentage of impervious area in the
buffer zone at approximately 6% but consists of only 15.1 acres. Glen Falls Run has the largest overall area
of impervious land in the buffer zone at approximately 23 acres, resulting in 4.1% of total buffer for the
subwatershed. Though relatively low values, when compared with a more urban watershed, these areas
may present potential opportunities for impervious cover removal or buffer establishment. The
subwatershed with the highest open pervious acreage in the buffer zone is Cliffs Branch, 252 acres, and
presents opportunities for potential reforestation efforts.

The subwatersheds with the most significant acreage of forested riparian buffer are Glen Falls Run and
Liberty Reservoir-F with approximately 440 and 454 acres, respectively. These areas may present potential
preservation opportunities. It is noteworthy that the majority of all subwatershed riparian buffers are
forested. It appears that stream riparian buffers are relatively undisturbed or well maintained in these
areas, which offers preservation and public education opportunities.
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Figure 2-7: Liberty Reservoir 100-ft Stream Buffer Condition
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2.2.7.3 Tier Il High Quality Waters

The Clean Water Act requires regulations that set goals to protect each States’ waters. Maryland’s anti-
degradation policy has been promulgated to provide implementation of more restrictive planning efforts
in areas where Tier Il (high quality) waters have been designated. This implementation has the greatest
immediate effect on local government planning due to higher standards for discharge into Tier Il waters
(MDE, Maryland's High Quality Waters (Tier 1), 2014b). Catchments that drain to Tier |l waters are under
regulatory anti-degradation protection that exceeds minimum applicable water quality criteria and
standards. Currently, Tier Il streams are identified according to fish and benthic indices of biotic integrity.
Streams listed as Tier Il waters will always remain Tier Il waters.

The Liberty Reservoir watershed contains six stream segments classified as Tier Il waters with two stream
segments located in each the Glen Falls Run and Timber Run subwatersheds and one stream segment
located in the Keyser Run and Cooks Branch subwatersheds. The two Tier Il segments in Glen Falls Run
are split between two Tier Il catchments. The northern Tier Il stream segment in the Glen Falls Run
subwatershed and the stream segment in Cooks Branch are listed as having some assimilative capacity
remaining; meaning the water body still has the natural capacity to dilute and absorb pollutants while
remaining below water quality standards. The southern Tier Il segment in the Glen Falls Run subwatershed
and the segments in the Keyser Run and Timber Run subwatersheds are listed as having no assimilative
capacity remaining, meaning that any future source of pollution (i.e., land development) must be treated
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by BMPs to prevent any further degradation of the high quality waters. Figure 2-8 shows the location of
Tier Il stream segments in the watershed as well as their corresponding catchment areas.
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Figure 2-8: Tier Il Waters within Liberty Reservoir
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2.3 The Human Modified Landscape

Human activities have altered the natural landscape over time through the use of land and water
resources. The intensity of development activities has increased since the colonization of Maryland in the
1600s, which has resulted in environmental impacts to both terrestrial and aquatic ecosystems. This
section describes the characteristics of the human modified landscape and how it is associated with
impacts to the natural ecosystem of the Liberty Reservoir watershed. This includes a description of land
use and land cover, population, impervious cover, drinking water, wastewater, stormwater systems,
discharge permits, and zoning.

2.3.1 Land Use and Land Cover

Land use represents the types of human activities taking place within a watershed and has pronounced
impacts on water quality and habitat. The extent of these impacts, including types and amounts of
pollutants generated, will vary depending on the land uses that are present in the watershed. As discussed
previously, a forested watershed has the ability to absorb pollutants such as sediment and nutrients and
to reduce the flow rate of runoff into streams. Developed areas have impervious surfaces that block the
natural infiltration of precipitation into the ground. These impervious surfaces include roads, parking lots,
roofs, and other human constructions. Unlike most natural surfaces, impervious surfaces tend to
concentrate stormwater runoff, accelerate flow rates, and direct stormwater to the nearest stream. This
behavior can cause bank erosion and destruction of in-stream and riparian habitat of the receiving water
body and also prevent infiltration from occurring that would otherwise filter pollutants and recharge
groundwater aquifers that help to maintain baseflow in a stream channel. For these reasons, undeveloped
watersheds and those with smaller amounts of impervious surfaces tend to have better water quality in
local streams than developed watersheds with larger amounts of impervious surfaces. In addition,
agricultural land can contribute to increases in sediment, nutrients, pesticides/herbicides, and coliform
bacteria in streams if not properly managed.

MDP develops statewide land use/land cover (LU/LC) spatial data to provide a general overview of
predominant land cover and usage and to monitor development activities throughout the state. The LU/LC
delineations are based on high altitude aerial photography and satellite imagery. In this report, land use
analyses were performed using 2010 MDP land use spatial data provided by Baltimore County OIT. This
data was originally based on the 2007 National Agriculture Imagery Program (NAIP) aerial imagery and
parcel information from Maryland Property View 2008. Table 2-8 summarizes land use categories in the
Liberty Reservoir watershed and their percent composition in each subwatershed. Figure 2-9 illustrates
the LU/LC distribution in the watershed.

The predominant land use types present within the Liberty Reservoir watershed are forest and agriculture,
making up approximately 42% and 25% of the total watershed area, respectively. Additionally, very low
and low density residential, combined, cover approximately 7,919 acres or 24% of the total area. These
four land use classifications equate to 91% of the total watershed area. The remaining 9% is divided
between the remaining LU/LC classifications (commercial, industrial, bare ground, etc.), each covering less
than 2.5% of the total watershed. Although a small percentage, these areas cover approximately 1,530
acres of the watershed. Additionally, institutional areas such as community centers, schools, churches,
medical facilities, and government offices may present opportunities to initiate environmentally sensitive
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management of the property and provide opportunities for public outreach and education that promotes
an increased level of environmental awareness.

The distribution of predominant land use type (very low and low density residential, agriculture, and
forested) coverage varies between the subwatersheds within Liberty Reservoir. Timber Run and Chimney
Branch contain the highest percentages of forest coverage at 62% and 66%, respectively. The
subwatersheds with the highest percentages of residential areas include Norris Run and Cooks Branch at
38% and 46%, respectively. Residential areas present an opportunity for community involvement in
restoration efforts, neighborhood pollutant source control, and environmental stewardship. Board-Aspen
Run is primarily agricultural, with 56% agricultural land use/land cover. This area may indicate potential
sources of sediment and nutrient loading into the stream system.

Table 2-8: Liberty Reservoir Land Use/Land Cover Classification (%)
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Cliffs Branch 56.5 431125 | 0.8 0.0 0.1 1.1 24 | 0.0 00| 0.1 218 0.3
Glen Falls Run 16.2 | 103 | 16,5 | 2.1 0.0 0.0 3.3 5.5 0.9 0.0| 0.8 44.0 0.4
Liberty Reservoir-B 9.7 | 10.2 | 23.8 | 0.0 0.0 0.0 0.7 0.8 2.0 0.0| 0.0 42.0 10.8
Keyser Run 25.1 113|164 | 0.0 2.7 0.0 4.4 0.2 2.3 | 129 0.0 | 24.7 0.1
Liberty Reservoir-E 24.6 1.2 19| 0.0 0.0 0.0 0.0 0.0 0.0 0.0| 0.0|609| 114
Norris Run 149 | 158 | 17.1 | 3.5 1.8 0.0 1.5 3.0 1.7 4.1 0.0 | 36.2 0.4
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Chimney Branch 13.0 831 12.0| 0.0 0.0 0.0 0.0 1.1 0.0 0.0| 0.0 655 0.0
Liberty Reservoir-A 135 58| 115 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0| 3.6 | 59.2 6.4
Locust Run 9.3 6.3 (121 | 2.3 0.0 0.0 4.6 0.3 0.0 2.9 1.7 | 60.2 0.3
Total % of SWAP Area | 24.5 9.3 14.8 | 1.1 04| 00| 16| 16| 0.5 15| 04 | 42.1 2.1
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Figure 2-9: Liberty Reservoir Land Use/Land Cover
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2.3.2 Population

Population data provides another method of evaluating the intensity of land use. Areas of concentrated
population normally represent more intense use of the land and potential for environmental degradation.
Much of the degradation from these locations (likely found in urban and suburban areas) is related to the
extent of impervious cover and depletion of natural land covers such as forests that help to protect water
resources. Smart growth principles are aimed at directing future growth to areas of existing services and
locations where development has already begun. This strategy will result in less conversion into residential
and commercial land uses, thereby promoting conservation of land uses with less environmental impact
such as forest and agriculture.

Population data presented in this section are based on 2010 census blocks and population data from the
U.S. Census Bureau. Table 2-9 summarizes population and population densities with respect to total area
and total impervious area for each subwatershed. Higher amounts of impervious area per person could
indicate potential sprawl development (such as larger homes), whereas the greater the population density
per impervious acre could be more reflective of better clustering and smarter growth patterns. Figure
2-10 shows the distribution of population density throughout the Liberty Reservoir watershed. Because
this watershed is rural and is predominantly very low/low density residential, population density is
relatively low compared to most other watersheds in Baltimore County. The subwatershed with the
highest population density is Keyser Run. The total population of the Liberty Reservoir watershed is 14,633
people with a population density of 0.89 people/acre.

Table 2-9: Liberty Reservoir Population Data

Population
Total Density
Population Total Population Impervious (per
(2010 Area Density Impervious Acres per impervious
Subwatershed census) (Acres) (per acre) Area (Acres) person acre)
Board-Aspen Run 438 758 0.58 49 0.11 9.02
Cliffs Branch 1,153 3,142 0.37 119 0.10 9.69
Glen Falls Run 1,954 2,059 0.95 117 0.06 16.66
Liberty Reservoir-B 637 638 1.00 33 0.05 19.18
Keyser Run 2,229 1,006 2.21 81 0.04 27.38
Liberty Reservoir-E 323 280 1.15 4 0.01 72.69
Norris Run 2,577 1,790 1.44 115 0.04 22.43
Liberty Reservoir-C 605 391 1.55 12 0.02 48.73
Timber Run 1,332 932 1.43 33 0.02 40.35
Cooks Branch 1,000 786 1.27 25 0.02 40.46
Liberty Reservoir-F 961 2,014 0.48 48 0.05 19.82
Chimney Branch 409 439 0.93 9 0.02 44.57
Liberty Reservoir-A 125 786 0.16 19 0.15 6.58
Locust Run 889 1,428 0.62 43 0.05 20.58
Liberty Reservoir
Total 14,633 16,449 0.89 709 0.05 20.6
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Figure 2-10: Liberty Reservoir Population Distribution
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2.3.3 Impervious Surfaces

Impervious surfaces such as roads, parking lots, roofs, and other paved areas prevent precipitation from
naturally infiltrating into the ground. Stormwater runoff from these areas becomes overland flow and is
typically concentrated, accelerated, and conveyed directly to the nearest stream. Consequently, the high
energy flows of stormwater runoff from impervious surfaces can cause stream erosion and habitat
destruction. This runoff is also likely to be more polluted than runoff from pervious areas. In general,
undeveloped watersheds with small amounts of impervious cover are more likely to have better water
quality in local streams than urbanized watersheds with greater amounts of impervious cover.

Impervious cover is a primary factor when determining pollutant characteristics and quantities in
stormwater runoff. Research has been conducted to link the degree of urbanization (typically measured
by amount of impervious cover) with various watershed-based indicators of water quality such as diversity
and abundance of aquatic and terrestrial life. The Center for Watershed Protection (CWP) compiled
stream research conducted in various parts of the country and developed a simple model that relates
potential stream quality to percentage of impervious cover in a watershed. Studies used to develop the
impervious cover model measured stream quality based on a variety of indicators such as number of
aquaticinsect species, stream temperature, channel stability, aquatic habitat, wetland plant diversity, and
fish communities present.

Figure 2-11: Impervious Cover Model (adapted from (CWP, 2003))

Based on the compiled research, CWP determined four classifications that predict stream quality based
on watershed imperviousness: sensitive; impacted; damaged; or severely damaged. Watersheds with less
than 10 percent impervious cover are referred to as sensitive and typically have high quality streams with
stable channels, good habitat conditions, and good to high water quality. These watersheds are
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considered sensitive because they are susceptible to environmental degradation with increased
urbanization and impervious cover. The model predicts that with between 10 and 25 percent impervious
cover, watersheds become impacted and show clear signs of degradation such as erosion, channel
widening, and a decline in stream habitat. There is potential to restore streams to a somewhat natural
functioning system within this category. When a watershed has more than 25 percent impervious cover,
streams are classified as damaged and characterized by fair to poor water quality, unstable channels,
severe erosion, and inability to support aquatic life and provide habitat; many streams in this category are
typically piped or channelized, or in some areas, may be piped beneath the impervious surfaces resulting
in a lack of continuity between natural riparian areas along the stream corridor.

Figure 2-11 shows that when impervious cover exceeds 60 percent, a watershed is classified as severely
damaged which means that most of the natural stream system has diminished. Management of damaged
and severely damaged streams may focus on decreasing pollutant loads to downstream receiving waters
(e.g., installing Best Management Practices (BMPs)) but the ability to restore natural functions, such as
habitat, is unlikely. Restoration efforts may also focus on making the remaining stream systems stable,
aesthetically pleasing, and an amenity to the community. It should be noted that the impervious cover
model is a simplified approach for classifying the potential stream quality. Although it is based on
research, there are inherent model assumptions and limitations that should be considered such as
regional variations and scale effects. In addition, while impervious cover is a relevant and significant
indicator for watershed health, it is only one of many different factors affecting stream health and
contributing to the cumulative impacts of development on water quality. For example, agricultural land
uses may also contribute sediment and nutrient loads to receiving waters. Furthermore, the ability of
BMPs to offset adverse impacts from urbanized areas is not specifically accounted for in the model (CWP,
2003).

Impervious cover data for the Liberty Reservoir watershed was obtained from 2008 road and 2005
building spatial data provided by Baltimore County OIT. Impervious area quantities shown in Table 2-10
are the sum of road and building areas. The table also shows the percentage of impervious cover within
each subwatershed. It should be noted that parking lots are included in the roads column of Table 2-10,
whereas sidewalks are not included. Figure 2-12 illustrates the location of impervious surfaces within the
Liberty Reservoir watershed. The total impervious area calculated is approximately 710 acres or 4.3% of
the watershed. Subwatersheds with the highest percentage of impervious cover include Board-Aspen
Run, Keyser Run, and Norris Run, although none of them reach the 10% threshold.
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Table 2-10: Liberty Reservoir Impervious Area Estimates

Impervious
Total Area Roads Buildings Area % CWP Impervious
Subwatershed (Acres) (Acres) (Acres) (Acres) Impervious Rating
Board-Aspen Run 758 37 11 49 6.4% Sensitive
Cliffs Branch 3,142 86 33 119 3.8% Sensitive
Glen Falls Run 2,059 87 30 117 5.7% Sensitive
Liberty Reservoir-B 638 27 6 33 5.2% Sensitive
Keyser Run 1,006 61 20 81 8.1% Sensitive
Liberty Reservoir-E 280 4 1 4 1.6% Sensitive
Norris Run 1,790 82 33 115 6.4% Sensitive
Liberty Reservoir-C 391 10 2 12 3.2% Sensitive
Timber Run 932 24 9 33 3.5% Sensitive
Cooks Branch 786 16 8 25 3.1% Sensitive
Liberty Reservoir-F 2,014 36 13 48 2.4% Sensitive
Chimney Branch 439 7 2 9 2.1% Sensitive
Liberty Reservoir-A 786 13 6 19 2.4% Sensitive
Locust Run 1,428 26 17 43 3.0% Sensitive
Total 16,449 517 192 709 4.3% Sensitive

Based on the CWP model (Figure 2-11), all of the subwatersheds within the Liberty Reservoir watershed
fall into the sensitive impervious rating. Because this watershed drains directly into a drinking water
reservoir, the quality of water necessary is high and must be preserved. In addition to impervious cover,
other key watershed indicators must be examined to determine watershed health and restoration
potential.

Figure 2-13 shows the impervious cover ratings for the subwatersheds in the Liberty Reservoir watershed
based on the reformulated impervious cover model. As expected from the rural nature of the watershed
and high percentages of forest and agricultural land use, the Liberty Reservoir watershed does not contain
any impacted, damaged, or severely damaged subwatersheds. “Impacted” subwatersheds mainly
correspond to those with high amounts of residential development, “damaged” subwatersheds have
more commercial development associated with more impervious cover density, and “severely damaged”
is correlated with vast development completely altering the natural system. These categories are
associated with urbanization and high impervious cover, both of which are not prominent characteristics
of the Liberty Reservoir watershed. Sensitive watersheds are susceptible to impacts from development
and need to be protected and conserved to prevent future degradation. This is especially true for the
subwatersheds within the transitional band from 5 to 10% impervious cover. Three different ranges of
imperviousness are depicted in Figure 2-13 to indicate those watersheds that are reaching the 10%
threshold.
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Figure 2-12: Liberty Reservoir Impervious Surfaces
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Figure 2-13: Liberty Reservoir Impervious Cover Ratings
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2.3.4 Urban/Rural Demarcation Line

The majority of the Liberty Reservoir watershed lies outside of the Urban/Rural Demarcation Line (URDL)
growth boundary. Table 2-11 summarizes the subwatershed areas located within the urban section of the
URDL. Figure 2-14 shows the URDL boundary and the portions of the Liberty Reservoir watershed that fall
within the URDL. No public water or sewer services are offered to areas outside of the boundary. The
URDL was established by the Baltimore County Planning Board in 1967 to limit growth and preserve
natural and agricultural resources. Of the 14 subwatersheds within the Liberty Reservoir watershed, only
Keyser Run, Glen Falls Run, Norris Run, Locust Run, and Cooks Branch subwatersheds lie partially within
the URDL growth boundary.

Table 2-11: Area of Watershed within Urban Rural Demarcation Line

Area of Watershed within Urban Rural Demarcation Line

Area of
Area within URDL Subwatershed
Subwatershed (Acres) (Acres) % within URDL
Glen Falls Run 66 2,059 3.2
Keyser Run 86 1,006 8.5
Norris Run 260 1,790 14.5
Cooks Branch 4 786 0.5
Locust Run 47 1,428 3.3
Total Liberty Reservoir Watershed 463 7,070 6.6

42



Liberty Reservoir (Area S) Parsons Brinckerhoff
Watershed Characterization March 2015

Figure 2-14: Liberty Reservoir and the Urban Rural Demarcation Line growth boundary
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2.3.5 Drinking Water

Drinking water is a fundamental need for human development. It can be supplied either by public
distribution systems or by wells associated with individual developed properties. Having an adequate
supply of drinking water and a method for its conveyance is essential to the human population.

2.3.5.1 Public Water Supply

Environmental impacts associated with the public supply of water include the potential for increased
residential development with the associated effects of increased impervious cover as discussed in the
previous section, as well as the potential for leaks from the system. Leaks from public water supply
systems introduce chlorine into the aquatic system which can result in the death of aquatic organisms. In
addition, major leaks can cause erosion which contributes to the sediment load in the stream channels;
this can bury aquatic communities and degrade habitat. As most of the Liberty Reservoir watershed is
located outside the URDL, there is no public water supply for the majority of the residents and most rely
on well water to meet their drinking water needs. However, the entire watershed drains to the reservoir,
which supplies drinking water to 1.8 million residents in Carroll County, Baltimore County, and Baltimore
City. The reservoir is owned and managed by Baltimore City (BMC, 2009).

The Liberty Reservoir watershed within Baltimore County encompasses approximately 16% of the
reservoir’s total drainage area. Therefore, the activities and land uses in the Liberty Reservoir watershed
have a direct impact on the quality of water in the reservoir. The reservoir impoundment and the majority
of its tributaries within the watershed are designated as water contact recreation, protection of aquatic
life, and public water supply. The remaining subwatersheds and their tributaries, Norris Run, Cooks Run,
Keysers Run, Locust Run, and Glen Falls Run, are designated as nontidal cold water and public water supply
(COMAR, 2014a). These designated uses will be discussed further in Chapter 3.

2.3.5.2 Private Well Supply

The residents and businesses in the Liberty Reservoir watershed rely on private wells to supply their
drinking water needs. The well water quality and quantity is affected by the region’s crystalline-rock
formations. The aquifers in the Piedmont portion of Baltimore County are susceptible to groundwater
contamination because they lack a confining layer, and ground water contamination is generally caused
by land use activities in the immediate vicinity of the well (Bolton, 1998). Historically, the overall quality
of well water in the study area was found to be within drinking water standards, with limited elevated
concentrations of nitrates, lead, pesticides, and chloride, although these concentrations rarely exceeded
water quality standards (Bolton, 1998). Naturally occurring radionuclides have been detected in areas
with Baltimore and Setters Gneiss, and it is recommended that homeowners get their water tested for
radium and treated if necessary (EPS, 2011).

2.3.6 Wastewater

Wastewater produced by human processes must be treated and disposed of properly. This is
accomplished through public conveyance to a treatment facility or through on-site disposal systems such
as septic systems. Residential wastewater consists of all water typically used by residents including wash
water, bathroom water, and any other rinse water such as paint brush, floor washing, etc. Industrial
wastewater can contain various contaminants such as metals, organic compounds, detergents, or
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synthetic compounds depending on the operation. All of these wastewater types have the potential to
adversely impact the natural environment.

2.3.6.1 Public Sewer

The public sewer system conveys wastewater from individual households or businesses to a facility that
treats the wastewater prior to discharge. It consists of the piping system within the public right-of-way
and cleanouts on individual properties. Property owners are responsible for the maintenance of their
individual cleanouts. The portion of the system within the public right-of-way is owned and maintained
by the local government, including the gravity piping system, access manholes, pumping stations, and
force mains. Table 2-12 below summarizes the lengths of public sewer piping in the Liberty Reservoir
watershed by type (gravity main or pressurized main). This data was compiled from gravity main, manhole,
and force main spatial data provided by Baltimore County OIT. Any abandoned gravity main pipes were
subtracted from the total length of public sewer piping. Table 2-13 summarizes public sewer piping density
(length of sewer main per square mile of subwatershed area). While the majority of the Liberty Reservoir
watershed lies outside of the URDL growth boundary, small portions of Glen Falls Run, Keyser Run, Norris
Run, and Locust Run subwatersheds contain public sewer systems and are being reported. The sewer
systems are located at the eastern point of the subwatersheds. The remaining 10 subwatersheds contain
no reported public sewer piping.

Table 2-12: Public Sewer Piping Length in Liberty Reservoir Watershed

Pressurized Main Gravity Main Gravity Main Total

Subwatershed (ft.) (ft.) Abandoned (ft.) Maintained (ft.)

Glen Falls Run 0 1,380 0 1,380
Keyser Run 0 8,130 421 7,709
Norris Run 0 9,207 0 9,207
Cooks Branch 0 0 0 0
Locust Run 0 1,963 0 1,963
Total 0 20,680 421 20,259

Table 2-13: Public Sewer Piping Density in Liberty Reservoir Watershed

Pressurized Maintained
URDL Area Main Gravity Main
Subwatershed (sq. Miles) (ft./sq. mi) (ft./sq. mi)
Glen Falls Run 0.13 0 10,303
Keyser Run 0.07 0 103,973
Norris Run 0.01 0 1,411,739
Cooks Branch 0.41 0 0
Locust Run 0.10 0 18,984
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Environmental impacts associated with the public sewers are usually the result of sewage overflows.
Sanitary sewer overflows (SSOs) typically result from blockages in the sewage system, pumping station
failure, or rainwater inflows exceeding pipe capacity. Contamination can also occur during dry weather
due to leaks in the sewer system. Water quality concerns related to sewer overflows and leaks include
high bacteria concentrations, release of nutrients, increased turbidity (cloudiness), and low dissolved
oxygen concentrations. Two SSOs have been recorded in the Liberty Reservoir watershed due to blockages
in the sewer system. Both recorded SSOs occurred in 2004 within the Keyser Run subwatershed. The
documented SSOs will be discussed in more detail in Chapter 3.

2.3.6.2 Wastewater Treatment Facilities

There are no wastewater treatment facilities located in the Liberty Reservoir watershed. The wastewater
from the Liberty Reservoir watershed that is conveyed through public sewers is sent to the Patapsco
Wastewater Treatment Plant.

2.3.6.3 Septic Systems

Properly functioning septic systems provide treatment for nearly all the phosphorus present in
wastewater but these systems can leak nitrogen in the form of nitrates into the groundwater.
Depending on the location of the system, nitrates may be reduced or eliminated through de-nitrification
as the treated water passes through riparian buffers, with forested buffers having a higher level of
treatment over grassy buffers. Failing systems can release nitrogen, phosphorus, and other chemicals,
contaminating the downstream aquatic environment. They can also result in increased bacterial
contamination of nearby streams and therefore increase potential human health concerns. Table 2-14
summarizes the approximate number of septic systems present in the Liberty Reservoir watershed by
subwatershed. Septic system data is based on the 2011 septic and public sewer spatial data from
Baltimore County Environmental Protection and sustainability (EPS). Based on this data, the Cliffs Branch
subwatershed contains the most septic systems of all subwatersheds, over 85% of which are residential.
Figure 2-15 shows the distribution of residential and non-residential septic systems throughout the
Liberty Reservoir watershed.
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Table 2-14: Liberty Reservoir Septic Systems by Subwatershed

Total # of
Non- Septic

Subwatershed Residential Residential Systems
Board-Aspen Run 132 11 143
Cliffs Branch 339 58 397
Glen Falls Run 272 58 330
Liberty Reservoir-B 70 3 73
Keyser Run 146 20 166
Liberty Reservoir-E 6 0 6
Norris Run 326 8 334
Liberty Reservoir-C 29 3 32
Timber Run 144 2 146
Cooks Branch 149 2 151
Liberty Reservoir-F 147 21 168
Chimney Branch 27 2 29
Liberty Reservoir-A 55 10 65
Locust Run 186 60 246
Total 2,028 258 2,286
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Figure 2-15: Location of Septic Systems in Liberty Reservoir Watershed

48



Liberty Reservoir (Area S) Parsons Brinckerhoff
Watershed Characterization March 2015

2.3.7 Stormwater

Stormwater is generated during and immediately after storm events. Precipitation that does not seep into
the ground becomes stormwater runoff and flows directly to storm drain systems, stormwater treatment
facilities, or receiving water bodies. The quantity and characteristics of stormwater runoff are affected by
the quantity and intensity of rainfall, soil properties, land slope, and land use/land cover type. Concerns
associated with stormwater include 1) volume and rate of runoff and 2) water pollution.

As previously discussed, larger volumes of stormwater runoff are generated from impervious areas than
from undeveloped land; impervious surfaces prevent infiltration of runoff into the ground, conveying it to
stream systems more swiftly and in larger quantities. The increase in runoff rate and volume can cause
flooding and stream erosion, which results in destruction of habitat and natural stream functions such as
nutrient reduction. In addition, there is less potential for groundwater recharge when there is little or no
infiltration of stormwater.

Stormwater runoff can contain various contaminants depending on the land use characteristics and
human activities that are taking place within a watershed. The contaminants that are carried by
stormwater to the stream systems include pollutants deposited on impervious surfaces and other
developed lands from daily human activity. Common pollutants found in impervious surface runoff (such
as from highways and parking lots) are sediment, metals, bacteria, nutrients, petroleum, salt, and litter.
These pollutants accumulate over time from sources such as road maintenance activities (de-icing),
vehicles (exhaust and leaks), and accidents or spills and are washed off during storm events. While the
runoff from other developed lands, for example agriculture and residential areas, may be moderate
compared to highly impervious areas, it can still carry pollutants such as nutrients, bacteria, and chemicals
to receiving water bodies. In addition, stormwater transports pollutants introduced by atmospheric
deposition, most notably nitrogen and mercury, into receiving water bodies.

2.3.7.1 Storm Drainage System

The storm drainage system consists of either drainage swales (roadside ditches) or a curb and gutter
system including inlets, piping, and outfalls. Both conveyance methods are intended to prevent flooding
and potentially hazardous situations by removing water quickly from roadways. However, the efficiency
and watershed impacts associated with each method differ significantly. The curb and gutter system
drains stormwater more rapidly from impervious surfaces than drainage swales and typically convey
water directly into the stream system. In doing so, however, it conveys increased runoff volumes and
more untreated pollutants to receiving water bodies. Currently, Baltimore County’s storm drainage
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system is comprised of approximately 1,760 miles of storm drain pipe, over 72,000 inlet structures, and
over 41,000 storm manhole structures.

Drainage swales typically convey stormwater at a slower velocity than the curb and gutter system, and
also allow some infiltration into the ground unlike the curb and gutter system, thereby reducing the
amount of water delivered to the streams and providing some filtering of pollutants.

Table 2-15 summarizes the curb and gutter system components in the Liberty Reservoir watershed by
subwatershed. The summary includes estimates of major outfalls (greater than 3 feet in diameter) and
minor outfalls (less than 3 feet in diameter), along with corresponding number of inlets and pipe length
draining to those outfalls. Storm drain system data used to compile this information was created by
Baltimore County EPS based on stormdrain plans and topographic data. This data provides a reasonable
approximation of storm drain pipe lengths.

Table 2-16 provides a summary of the percentage of each subwatershed that is covered by the storm
drain system, identified as the drainage areas of the storm drain system, divided by the total
subwatershed area. It also shows the inlet density (number of inlets per square mile) of each
subwatershed.

Table 2-15: Stormwater System Components in Liberty Reservoir Watershed

MAJOR (> 3ft) MINOR (< 3ft) ALL OUTFALLS

Total Total Total
Outfalls Inlets Pipe Outfalls Inlets Pipe Outfalls Inlets Piping

Subwatershed (#) (#) (ft.) (#) (#) (ft.) (#) (#) (ft.)
Board-Aspen Run 0 0 0 1 530 1 530
Cliffs Branch 0 0 0 2 4 915 2 915
Glen Falls Run 0 0 0 8 24 3,464 8 24 3,464
Liberty Reservoir-B 0 0 0 2 3 130 2 130
Keyser Run 0 0 0 3 6 845 3 845
Liberty Reservoir-E 0 0 0 0 0 0 0 0 0
Norris Run 1 17 2,059 4 7 1,830 5 24 3,889
Liberty Reservoir-C 0 0 0 0 0 0 0 0 0
Timber Run 0 0 0 2 6 1,295 2 6 1,295
Cooks Branch 0 0 0 3 9 1,120 3 9 1,120
Liberty Reservoir-F 0 0 0 2 8 1,200 2 8 1,200
Chimney Branch 0 0 0 0 0 0 0 0 0
Liberty Reservoir-A 0 0 0 3 5 395 3 5 395
Locust Run 0 0 0 0 0 0 0 0 0
Total 1 17 2,059 30 76 | 11,724 31 93 | 13,783
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Table 2-16: Stormwater System Coverage in Liberty Reservoir Watershed

Stormwater Area No. Inlet
System Covered by of Density

Subwatershed Drainage Stormwater Inlets Subwatershed (#/sq.

Subwatershed Area (Acres) Area* (Acres) System (%) (#) Area (sq. mi) mi)

Board-Aspen Run 758 7 1% 4 1.18 34
Cliffs Branch 3,142 17 1% 4 491 0.8
Glen Falls Run 2,059 49 2% 24 3.22 7.5
Liberty Reservoir-B 638 9 1% 3 1.00 3.0
Keyser Run 1,006 20 2% 6 1.57 3.8
Liberty Reservoir-E 280 0 0% 0 0.44 0.0
Norris Run 1,790 48 3% 24 2.80 8.6
Liberty Reservoir-C 391 0 0% 0 0.61 0.0
Timber Run 932 11 1% 6 1.46 4.1
Cooks Branch 786 0 0% 9 1.23 7.3
Liberty Reservoir-F 2,014 0 0% 8 3.15 2.5
Chimney Branch 439 0 0% 0 0.69 0.0
Liberty Reservoir-A 786 0 0% 5 1.23 4.1
Locust Run 1,428 0 0% 0 2.23 0.0
Total 16,449 160 1% 93 25.70 3.6

*Drainage areas are not available for all minor outfalls

There is only one major outfall in the Liberty Reservoir watershed, located in the Franklin Valley
neighborhood in Norris Run. The subwatershed with the highest number of total outfalls is Glen Falls Run.
Most of the outfalls within the watershed have not had drainage areas delineated for them by the county,
thus the drainage area and corresponding percentage of area covered are very low. The majority of the
Liberty Reservoir watershed is forest, agriculture, and very low density residential, which explains the low
number of inlets and outfalls in the storm drain system. Locations where inlets are present signify
potential locations for management of pollution sources and community education measures such as
storm drain marking.
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Figure 2-16: Liberty Reservoir Storm Drain Outfalls
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2.3.7.2 Stormwater Management Facilities

The Maryland Department of the Environment (MDE) developed stormwater management (SWM)
regulations over 25 years ago to control the quantity of runoff. SWM practices have evolved since then,
and will continue to progress as new technology and research are developed. SWM is a significant
consideration for new development and redevelopment within Maryland. Per Title 4, Subtitle 2, of the
Environment Article of Annotated Code of Maryland, management of stormwater runoff is required to
reduce erosion, sedimentation, pollution, and flooding. Increased importance of water quality and water
resource protection has led to the development of the Maryland Stormwater Design Manual in 2000 to
provide BMP design standards and environmental incentives, and has promoted a general shift toward
low-impact SWM practices that mimic natural hydrologic processes and achieve pre-development
conditions. The latter is evident by the Maryland Stormwater Management Act of 2007 which requires
that Environmental Site Design (ESD) be implemented to the maximum extent practicable via
nonstructural BMPs and/or other innovative design techniques.

There are many types of BMP options for managing stormwater runoff and providing stormwater quality
treatment. SWM facilities can target specific objectives, depending on the BMP type, such as improving
overall stormwater quality before it enters the stream, soil stabilization and erosion control, stormwater
flow control or detention, and stream protection. In addition, different SWM facilities have different
pollutant removal capabilities. For example, early pond designs for SWM have low pollutant removal
efficiency compared to practices that filter stormwater or allow it to infiltrate into the ground or through
plant roots. Considerations such as space requirements, maintenance needs, cost, and community
acceptance are taken into account when selecting the appropriate stormwater treatment measures.

Table 2-17 summarizes the number of various types of public and private SWM facilities in the Liberty
Reservoir watershed, including the sum of their drainage areas per subwatershed. The SWM facilities are
categorized into detention ponds, wetlands, infiltration practices, filtration practices, extended detention,
grassed swales and channels, and others. Figure 2-17 shows the distribution of these facilities throughout
the watershed. Data for SWM facilities and their drainage areas were obtained from Baltimore County
EPS.
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Drainage Area
(acres) 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Wetland (#) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Drainage Area
(acres) 0 0 0 0 0 0 0 0 0 0 0 0 0 22 22
Infiltration (#) 0 2 9 0 3 0 6 0 3 0 0 0 0 1 24
Drainage Area
(acres) 0 7| 14 0| 13 0 19 0 0 0 0 0 0 0 53
Filtration (#) 0 2 7 1 2 0 8 0 2 1 0 0 0 7 30
Drainage Area
(acres) 0 5| 32 1 7 0 84 0 8 9 0 0 0 50 || 195
Extended
Detention (#) 0 2 3 0 3 0 5 0 5 1 0 0 0 2 21
Drainage Area
(acres) 0| 18| 35 0| 75 0 54 0| 13| 12 0 0 0 33 | 239
Grass Swales
& Channels
(#) 1 1 1 0 0 0 0 0 3 0 0 0 0 2 8
Drainage Area
(acres) 0 0 2 0 0 0 0 0 8 0 0 0 0 9 20
Other (#) 0 3 1 0 2 0 2 0 0 0 0 0 0 2 10
Drainage Area
(acres) 0| 12 1 0 1 0 0 0 0 0 0 0 0 7 21
Total SWM
Facilities (#) 1| 11| 22 1| 12 0 22 0| 13 2 0 0 1 16 || 101
Total
Drainage
Area Acres to
SWmMm 0| 45| 89 1| 97 0| 161 0| 29| 21 0 0| 10| 129 | 582

SWM facilities are present in 10 of the 14 subwatersheds that make up the Liberty Reservoir watershed.
The SWM facilities treat approximately 4% of the overall watershed area. There are no documented SWM
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facilities in Liberty Reservoir-E, Liberty Reservoir-C, Liberty Reservoir-F, and Chimney Branch. The most
common SWM facility type is sand filter followed by extended detention facilities. Subwatersheds with
the most SWM facilities tend to be those with commercial/industrial and residential land uses. Dry ponds,
which typically have low pollutant rates are candidates for conversion to extended detention ponds,

which have higher pollutant removal capabilities.
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Figure 2-17: Distribution of Stormwater Management Facilities in Liberty Reservoir Watershed
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Table 2-18 shows the total drainage area and the percentage of urban land treated by SWM facilities in
each subwatershed. Urban land in this case refers to low, medium and high residential, commercial,
industrial, institutional, open urban, and transportation land uses. This is important to evaluate because
subwatersheds with high amounts of urban land but low SWM coverage percentages present
opportunities for BMP implementation. BMPs can be implemented in existing developed areas with no
current SWM practices or can be converted from facilities that are not providing adequate stormwater
treatment. Approximately 22% of the watershed is classified as urban land and 16% of this area is treated
by SWM facilities.

Table 2-18: Area Treated by Stormwater Management Facilities in Liberty Reservoir Watershed

Urban Area
Land Treated Urban Land

Use by SWM  Use Treated
Subwatershed Area (Acres) (Acres) (Acres) by SWM (%)

Board-Aspen Run 758 142 0 0%
Cliffs Branch 3,142 532 45 9%
Glen Falls Run 2,059 583 89 15%
Liberty Reservoir-B 638 174 1 0%
Keyser Run 1,006 391 97 25%
Liberty Reservoir-E 280 5 0 0%
Norris Run 1,790 586 161 27%
Liberty Reservoir-C 391 22 0 0%
Timber Run 932 212 29 14%
Cooks Branch 786 205 21 10%
Liberty Reservoir-F 2,014 228 0 0%
Chimney Branch 439 58 0 0%
Liberty Reservoir-A 786 90 10 11%
Locust Run 1,428 316 129 41%
Total 16,449 3,545 582 16%

2.3.8 NPDES Discharge Permits

Businesses and other facilities that discharge municipal or industrial wastewater or conduct activities that
can contribute pollutants to a waterway are required to obtain a National Pollutant Discharge Elimination
System (NPDES) permit. The type of NPDES permit required depends on the nature of the activities
conducted by the facility. Table 2-19 summarizes the number of facilities holding NPDES permits in the
Liberty Reservoir watershed by subwatershed and permit type. Cliffs Branch and Glen Falls Run both have
one facility with three permits; all permits are reported in the table.
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Table 2-19: NPDES-Permitted Facilities in Liberty Reservoir Watershed

#
# General # Surface  Groundwater
Industrial Industrial Municipal Total # of
Stormwater Discharge Discharge # General Permits in
Subwatershed Permits Permits Permits Permits  Subwatershed
Board-Aspen Run 0 0 0 0 0
Cliffs Branch 1 2 0 0 3
Glen Falls Run 1 1 1 0 3
Liberty Reservoir-B 0 0 0 0 0
Keyser Run 0 0 0 0 0
Liberty Reservoir-E 0 0 0 0 0
Norris Run 1 0 0 1 2
Liberty Reservoir-C 0 0 0 0 0
Timber Run 1 0 0 0 1
Cooks Branch 0 0 0 0 0
Liberty Reservoir-F 0 0 0 0 0
Chimney Branch 0 0 0 0 0
Liberty Reservoir-A 0 0 0 0 0
Locust Run 0 0 0 0 0
Total 4 3 1 1 9

The federal NPDES permits listed above also function as MDE water management permits. Descriptions
of each type of NPDES permit are provided as follows by MDE:

e General Industrial Stormwater Permits are required for industrial facilities discharging
stormwater to storm drains or surface waters.

e Surface Industrial Discharge Permits are required for industrial facilities that discharge any
wastewater to any place other than the sanitary sewer.

e Groundwater Municipal Discharge Permits are required for municipal facilities discharging any
wastewater to the groundwaters of the State.

e General Permits are required for facilities discharging wastewater or stormwater to any place
other than a sanitary sewer, or for any manufacturing, fleet vehicle, or recycling facility.
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NPDES permit data for the Liberty Reservoir watershed was estimated from spatial data provided by
Baltimore County EPS, based on 2010 MDE records. As of 2010, there are a total of 5 facilities holding
NPDES permits in the Liberty Reservoir watershed (two of which hold three permits). The facilities
holding NPDES permits include large institutional facilities (Camp Fretterd Military Reservation and
Pearlstone Family Camp), a transportation facility (Baltimore County maintenance shop 3), Green
Valley Swim Club, and an apartment complex (Glyndon Trace Condominiums). The subwatersheds
with the most NPDES permitted facilities Glen Falls Run and Cliffs Branch, each with three permits.
Figure 2-18 shows the locations of NPDES-permitted facilities in the Liberty Reservoir watershed.
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Figure 2-18: Location of NPDES-Permitted Facilities in Liberty Reservoir Watershed
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2.3.9 Agricultural Best Management Practices (BMPs)

Current agricultural best management practices (BMPs) being used in the Liberty Reservoir watershed
was available through the Baltimore County Soil Conservation District (SCD) on the 12-digit watershed
scale. Liberty Reservoir is encompassed by three 12-digit watersheds as shown in Figure 2-19.

The agricultural BMPs provided by the SCD were divided and reported for the watershed based on their
broader functions. The primary agricultural BMP functions within the watershed include waste storage,
cover crops and land management activities, habitat improvement, animal control for waterways, erosion
control, and nutrient reduction. For a complete list of BMPs and their reclassification see Table 2-20. The
agricultural BMPs for the three 12-digit subwatersheds encompassing Liberty Reservoir are summarized
below in Table 2-23. Within Baltimore County, agricultural BMPs have been implemented in both the
021309071048 and 021309071046 watersheds while there are currently zero agricultural BMPs in
subwatershed 021309071058.

Table 2-20: Reclassification of BMPs to Functional Classifications for Liberty Reservoir Watershed

WENTE Cover Crops/ Land Habitat Animal Control Erosion Nutrient
Storage Management Improvement (to waterways) Control Reduction
Heavy Use
Waste Storage | Forage Harvest Critical Area Area Nutrient
Facility Management Planting Fence Protection Management
Riparian Forest Livestock Roof Runoff
Buffer Pipeline Structure

Streamside Fence
(10'-34")

Non Streamside
Fence

Spring
Development

Watering Facility

Watercourse
Exclusion
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Table 2-21: Agricultural BMPs in the Liberty Reservoir Watershed
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021309071046 1 0.0 0.8 0.0 3,250 1 0.1 0.0 1 0.0
021309071048 0 9.5 2.7 0.0 8,196 3 0.0 0.0 0 2.1
021309071058 0 0.0 0.0 0.0 0 0 0.0 0.0 0 0.0
Total 1 9.5 3.5 0.0 11,446 4 0.1 0.0 1 2.1

*Multiple BMPs can be applied to the same area of land; totals do not take into account overlapping BMPs
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Figure 2-19: Agricultural BMPs within 12-digit Subwatersheds and Liberty Reservoir Watershed
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2.3.10 Zoning

The Baltimore County Office of Planning defines zoning as “a system of land use regulation that controls
the physical development of land and a legal mechanism by which local government is able to regulate an
owner’s right to use privately owned land for the sake of protecting the public health, safety, and/or
general welfare” (DP, 2013). In other words, zoning manages development patterns over time throughout
the county. Table 2-22 shows the various zoning categories present in the Liberty Reservoir watershed.

As shown in Figure 2-20, a significant portion of Liberty Reservoir watershed is under watershed
protection (36%), resource preservation zoning (23%) and environmental enhancement (10%) zoning. The
watershed also has a noteworthy percentage of agricultural zoning (25%).

Table 2-22: Baltimore County Zoning in Liberty Reservoir Watershed

Zoning Code Zoning Description Total Acres % of Watershed Area
DR 1 Density Residential--1 unit/acre 93 0.6%
DR 2 Density Residential--2 units/acre 44 0.3%
DR 3.5 Density Residential--3.5 units/acre 307 1.9%
DR 5.5 Density Residential--5.5 units/acre 0 0.0%
DR 10.5 Density Residential--10.5 units/acre 47 0.3%
DR 16 Density Residential--16 units/acre 1 0.0%
RC2 Agricultural 4,112 25.0%
RC3 Deferral of Planning and Development 7 0.0%
RC4 Watershed Protection 5,958 36.2%
RC5 Rural Residential 300 1.8%
RC7 Resource Preservation 3,719 22.6%
RC8 Environmental Enhancement 1,656 10.1%
RCC Resource Conservation Commercial 9 0.1%
Commercial Office/Business 189 1.2%
Industrial Manufacturing 5 0.0%
Total 16,449 100.0%

As presented in Table 2-22, approximately 69% of the Liberty Reservoir watershed is zoned for protection,
preservation, or enhancement while agricultural zoning covers approximately 25% of the watershed.
Industrial and commercial use zones are permitted in approximately 1% of the Liberty Reservoir
watershed. The remaining 5% of land is zoned residential.
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Figure 2-20: Liberty Reservoir Zoning
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2.3.10.1 Resource Conservation Areas

There are multiple programs working to conserve land in the Liberty Reservoir watershed. Analysis of
conservation areas within the watershed was conducted using GIS data provided by Baltimore County
EPS. Overall, 43% of the watershed is located in a conservation area. Cliffs Branch has the most land in
easements, with 1,603 acres; however, Liberty Reservoir-E has the greatest percentage of land in
easements (84%). Table 2-23 summarizes the conservation easements located in each subwatershed, and
Figure 2-21 illustrates the easement distribution in the watershed. There is some overlap in conservation
easements, mainly DNR protected land that is located in an additional easement. Many properties are co-
held under multiple easements; however, the values reflected in the total column of Table 2-21 only show
the land area covered in easements.

Baltimore County has ten resource conservation zones, of which, seven are currently being applied to land
within the County (Table 2-22). The Liberty Reservoir has one category, RC 4, which contains a resource
conservation easement. Resource conservation easements are used to protect agricultural land, rural
residential development, rural commercial development, and natural resources. The RC 4 (Watershed
Protection) zoning requires 70% of the tract acreage be allocated as a conservancy area (DP, 2006). Five
percent of the Liberty Reservoir watershed (821 acres) is in RC4 easements, with over 70% of the
conservation easements located in the Cliffs Branch, Timber Run, and Cooks Branch subwatersheds.

In addition to zoning conservation efforts, the Baltimore County Agricultural Land Preservation Program
aims to create easements to preserve working family farms located within the Agricultural Preservation
Protection Areas. The Liberty Reservoir watershed has 149 acres of county agricultural easements with
the majority of the easements in Cliffs Branch, Timber Run, and Cooks Branch. County forest conservation
easements protect 1,191 acres of forest land throughout the watershed as required by the Forest
Conservation Act of 1991. The only subwatersheds without county forest conservation easements are
Liberty Reservoir-E and Chimney Branch.

The Federal Farm and Ranch Program is another program used to keep productive farm and ranchland in
agricultural use. The watershed has five easements under this program, protecting 402 acres within the
Cliffs Branch subwatershed.

Local land trusts are another method of land conservation whereby the landowner may donate or sell
part of their land to a land trust as a conservation easement. In the Liberty Reservoir watershed, the Land
Preservation Trust is a non-profit organization that focuses on the preservation of farms, forests, and
historical landmarks in the watershed. There are currently 25 acres in conservation easements in three
subwatersheds, Cliffs Branch, Keyser Run, and Norris Run.

There are also multiple state led conservation efforts within the watershed. The Maryland Agricultural
Land Preservation Foundation (MALPF) is a cooperative program of the county and Maryland Department
of Agriculture (MDA) that protects agricultural land and woodland through the use of perpetual
easements. This program accounts for 4% of all easements in the watershed.

The Maryland Environmental Trust (MET) is a statewide land trust whose goal is the preservation of open
land, including farmland, forest land, and significant natural resources. This is achieved mainly through
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the use of a conservation easement, which is a perpetual agreement between the landowner and MET
ensuring that the property shall not be developed beyond a limit agreed upon by both parties.

The Rural Legacy Program is a state program that was adopted and additionally funded by the county to
protect Maryland's rural landscapes and natural areas through the purchase of land or conservation
easements. The program emphasizes the protection of large blocks of rural agricultural and forested land.

The Maryland Department of Natural Resources (DNR) manages and protects 1,900 acres of serpentine
barren within Soldiers Delight Natural Environmental Area (NEA). Approximately 1,296 acres of this area
falls within the Liberty Reservoir watershed. Efforts are currently being made to preserve rare,
threatened, and endangered species in Soldiers Delight NEA.

In addition to conservation areas, Baltimore City owns and manages approximately 2,105 acres of land
along the Baltimore County side of the Liberty Reservoir for the purpose of protecting the reservoir. The
area is open to the public for hiking, horseback riding, and other recreational purposes.

67



Liberty Reservoir (Area S) Parsons Brinckerhoff
Watershed Characterization March 2015

Table 2-23: Liberty Reservoir Conservation Easements (Acres)
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Board-Aspen Run 0.0 6.7 0.0 0.0 0.0 | 258.9 0.0 0.0 4.0 0.0 269.6 36%
Cliffs Branch 0.0 321.4 101.2 401.5 83| 3343 21.7 342.0 72.5 0.0 || 1,356.1 43%
Glen Falls Run 0.0 323.0 0.0 0.0 0.0 0.0 0.0 84.8 0.0 83.4 439.3 21%
Liberty Reservoir-B 0.0 30.7 0.0 0.0 0.0 0.0 0.0 62.1 0.0 239.2 306.8 48%
Keyser Run 0.0 25.9 0.0 0.0 14.4 0.0 62.8 14.0 0.0 60.9 174.0 17%
Liberty Reservoir-E 0.0 0.0 0.0 0.0 0.0 0.0 | 107.6 0.0 0.0 127.0 234.6 84%
Norris Run 0.0 215.3 0.0 0.0 1.9 0.0 58.1 14.6 0.0 79.6 369.4 21%
Liberty Reservoir-C 0.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 211.3 216.3 55%
Timber Run 0.0 127.6 14.3 0.0 0.0 0.0 0.0 107.2 0.0 97.0 269.0 29%
Cooks Branch 124.6 84.4 33.0 0.0 0.0 0.0 61.6 135.0 0.0 0.0 310.7 40%
Liberty Reservoir-F 504.9 4.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 745.6 || 1,254.9 62%
Chimney Branch 321.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.6 326.3 74%
Liberty Reservoir-A 0.0 6.7 0.0 0.0 0.0 0.0 0.0 4.5 0.0 414.5 422.4 54%
Locust Run 345.2 40.0 0.0 0.0 0.0 69.0 | 105.7 56.3 0.0 41.4 620.5 43%
Total 1,296.4 | 1,191.3 148.5 | 401.5 24.6 | 662.2 | 417.5 820.5 76.5 | 2,104.6 || 6,570.1 40%
% of Liberty Reservoir
Watershed in
Easement 8% 7% 1% 2% 0% 4% 3% 5% 0% 13% 40%

*The total does not double count land that was included in multiple easements
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Figure 2-21: Resource Conservation Easements

69



Parsons Brinckerhoff
March 2015

Liberty Reservoir (Area S)
Watershed Characterization

2.3.11 Historical Development

Historical development within Liberty Reservoir began before the 1800s. There has been steady growth
throughout the watershed with the peak of development from 2000 to 2009. Using GIS tax parcel data
provided by the Baltimore County OIT, the decade each parcel of land was built was derived for the
watershed. A summary of these parcels and their build date are shown in Table 2-24 and Figure 2-22.
Parcels constructed prior to 1920 were categorized on a broader time step as shown. Figure 2-23
illustrates the historical development throughout the Liberty Reservoir watershed. A significant portion
of land parcels are undeveloped or do not have tax parcel data associated with them.

Table 2-24: Decade Built and Number of Parcels

Subwatershed

Board-Aspen Run 12 | 17 | 11 11 1 6 30 13 15 15 17 15 40 69

Cliffs Branch 32| 18 17 9| 34| 79| 45| 31| 36| 49| 85 99 147

Glen Falls Run 16 | 15 9| 21| 15 7| 45| 37| 50| 39| 46| 63 65 103

Liberty Reservoir-

B 1 1 1 0 0 1 6| 15 9 8| 38| 23 10 20

12

Keyser Run 4 2 2 3 3 9| 20| 29| 32| 21 1| 60 37 82

Liberty Reservoir-

E 0 0 0 0 0 2 2 2 0 0 1 0 14 4

29 12

Norris Run 20 | 13 2| 25 9| 21| 51| 20| 93| 50| 85 7 1 189

Liberty Reservoir-

C 0 0 2 3 4] 10| 12 12 10

Timber Run 4 9| 14| 51| 15| 18 | 60 28 55

Cooks Branch 3 11 5 26 8| 21| 22| 21| 42 30 72

Liberty Reservoir-

F 7 6 3 9 2| 16| 13| 50| 44 17 61 74

Chimney Branch 0 10 9 4 2 1 0 8 28

Liberty Reservoir-

A 2 2 2 3 2 6 8 4 3| 20| 12 1 34 39

10

Locust Run 12 8| 12| 15| 21| 46 6| 32| 15| 21| 16| 11 42 157
11 11 15| 40| 23| 37| 29| 44| 68 60 | 1,04

Total 2| 89| 49 5| 77 9 9 8 5 6 2 6 1 9
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Figure 2-22: Number of Parcels Built Over Time
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Figure 2-23: Historical Development throughout Liberty Reservoir
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CHAPTER 3: WATER QUALITY AND LIVING RESOURCES

3.1 Introduction

Water is an integral part of all habitats. The Small Watershed Action Plan (SWAP) goals for maintaining
and improving water quality also aim to provide for flora, fauna, and their habitats. Because habitat
conditions affect the ability of natural communities to find food and shelter and carry on natural
processes, it is necessary to evaluate the state of existing land, water, and biological elements that provide
for their needs. This chapter describes the water quality, living resources, and habitats for the Liberty
Reservoir watershed based on existing conditions.

Living resources, including all plants and animals, require water for survival. They are intimately connected
to and respond sensitively to water quality and habitat conditions. Their dependence on water quality can
provide a gauge with which to measure and evaluate the status of water bodies and the effects that
watershed characteristics and upland activities have on these water bodies. For example, in addition to
taking direct measurements of a pollutant, water quality can be measured in terms of its ability to support
living resources, such as trout or shellfish. Information on living resources is presented in this chapter to
indicate water quality status and to evaluate habitat conditions in the Liberty Reservoir watershed. This
information can help to determine if current watershed management practices are adequately providing
for the needs of the natural communities.

The following sections include descriptions of the following with respect to the Liberty Reservoir
watershed: impairments per Maryland state water quality standards, pollutant loading analysis for total
nitrogen, total phosphorus and sediment, water quality monitoring data available to date, stream corridor
assessments, and mill dam assessments.

3.2 303(d) Listings and Total Maximum Daily Loads (TMDLSs)

The Clean Water Act (CWA) requires states, territories, and authorized tribes to: develop water quality
standards for all jurisdictional surface waters; monitor these surface waters; and identify and list impaired
waters. More specifically, Section 305(b) of the CWA requires annual water quality assessments to
determine the status of jurisdictional waters. Section 303(d) requires states to identify and periodically
update a list of impaired waters that fail to meet applicable state water quality standards. States must
also establish priority rankings and develop Total Maximum Daily Loads (TMDLs) for waters on the 303(d)
list, which generally target pollutants including sediment, metals, bacteria, nutrients, and pesticides.
According to the United States Environmental Protection Agency (USEPA), a TMDL is a calculation of the
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maximum amount of a pollutant that a water body can receive and still safely meet state water quality
standards.

Water quality standards are developed from a combination of the designated use for a given water body
and the water quality criteria designed to protect that use. Table 3-1 provides the definition for each
designated class.

Table 3-1: Maryland's Designated Uses for Surface Waters

Class Definition

Usel Water Contact Recreation, and Protection of Nontidal Warmwater Aquatic Life
Use I-P Water Contact Recreation, Protection of Aquatic Life, and Public Water Supply
Use ll Support of Estuarine and Marine Aquatic Life and Shellfish Harvesting

Use II-P Tidal Fresh Water Estuary — includes applicable Use Il and Public Water Supply
Use llI Nontidal Cold Water

Use IlI-P Nontidal Cold Water and Public Water Supply

Use IV Recreational Trout Waters

Use IV-P Recreational Trout Waters and Public Water Supply

A portion of the surface waters (e.g. streams) within the Liberty Reservoir watershed, including Norris
Run, Cooks Branch, Keyser Run, Locust Run, Glen Falls Run and all their tributaries, are designated as Use
I1I-P — nontidal cold water and public water supply (COMAR, 2014a). All other surface waters in the
watershed upstream of Liberty Dam, including Liberty Reservoir and the remaining tributaries are
designated as Use I-P — water contact recreation, protection of aquatic life, and public water supply
(COMAR, 2014a).

Based on the water quality criteria associated with the above designated uses, the Liberty Reservoir
watershed is listed in Maryland’s Integrated Report (IR) of Surface Water Quality for various pollutants of
concern. Each listing is applicable to the Liberty Reservoir (basin 02130907). Each listing within the IR is
sorted by attainment status or category upon which a water body is placed. Table 3-2 provides the
definition for each attainment status or listing category within the report (MDE, 2012a).

Table 3-2: Maryland Integrated Report Listing Categories (MDE, 2012a)

Listing
Category Definition

2 Waters meeting the standards for which they have been assessed

3 Waters that have insufficient data or information to determine whether any water quality
standard is being attained

4a Waters that are still impaired but have a TMDL developed that establishes pollutant loading
limits designed to bring the waterbody back into compliance

4b Waters that are impaired but for which a technological remedy should correct the impairment
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Ac Waters that are impaired but not for a conventional pollutant. This includes pollution caused by
habitat alteration or flow limitations
5 Water bodies that may require a TMDL

Maryland’s IR is updated every two years. While Maryland’s Final 2012 IR is the latest finalized report,
Maryland’s Draft 2014 IR is currently under review by the USEPA and is available for viewing at this time.
Once the USEPA approves the IR, it will become the Final 2014 IR. The Liberty Reservoir impoundment
and stream segments are listed in the Maryland’s Final 2012 IR and for the following water quality
impairments: fecal bacteria (Escherichia coli), sediment, mercury, chlorides, and phosphorus (MDE,
2012a). In the 2014 Draft IR, temperature was also listed (MDE, 2014a). Impairment listings within
categories 4a, 4b, 4c, or 5 reflect an inability to meet water quality standards. When a stream segment or
impoundment is listed as impaired, action can be taken by developing and/or adhering to a TMDL or by
submitting a Water Quality Analysis (WQA) to remove a specific pollutant from the impairment listing.
TMDLs can be developed for a single pollutant or group of pollutants of concern. WQAs are performed to
determine if the pollutant of concern is actually the cause of the impairment. If it is determined that the
pollutant of concern is not causing the impairment, a report documenting the findings is submitted to the
USEPA for concurrence. Maryland’s 2012 IR represents a fully combined 303(d) and 305(b) report
approved by USEPA (MDE, 2012a). Maryland’s 2014 Draft IR is pending approval by USEPA (MDE, 2014a).

Table 3-3 summarizes the status of the current listings for portions of the Liberty Reservoir watershed
that are applicable to the current SWAP area.

Table 3-3: Liberty Reservoir Water Quality Impairment Listings and Status

2012 Final Integrated Report 2014 Draft Integrated Report

Impairment

Applicable Segment

Listing
Category

Status

Approval
Date

Listing
Category

Status

Approval
Date

Escherichia coli | MD-02130907 4a TMDL 2009 4a TMDL 2009

Sedimentation/ | /1 5130907 5 Impaired | N/A 4a TMDL 2014

siltation

Phosphorus MD-02130907 5 Impaired N/A 4a TMDL 2014

Mercury MD-02130907 5 Impaired N/A 2 Removed 2014

Chlorides MD-02130907 5 Impaired N/A 5 Impaired N/A
MD-021309071046-

Temperature - - - 5 Impaired N/A
Locust Run

Temperature MD-021309071048- - - - 5 Impaired N/A
Keyser Run
MD-021309071048- .

Temperature Timber Run - - - 5 Impaired N/A
MD-021309071048- .

Temperature Glen Falls Run - - - 5 Impaired N/A

As shown in Table 3-3, there are currently (2012 IR) five listings for the Liberty Reservoir watershed. The

E. Coli listing was placed under category 4a, meaning a TMDL has been completed for this impairment.
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Pending the approval of the 2014 IR, the sedimentation/siltation and phosphorus impairments will also
be moved from a category 5 listing to category 4a, due to the approval of TMDLs for these pollutants in
2014 (MDE, 2014a). A WQA was also approved in 2014 for mercury, indicating the concentration of
mercury in fish tissue falls below the water quality standard (MDE, 2014d). The results of the WQA are
reflected in the Draft 2014 IR with the shift from category 5 to category 2 for mercury (MDE, 2014a). A
biological impairment was listed under category 5 in 2004 with an unknown source. A biological stressor
identification (BSID) analysis was developed in 2012 to determine the cause of biological impairments.
The BSID analysis determined the cause of degraded biological communities to be inorganic pollutants
(chlorides and conductivity) (MDE, 2012b). As a result of the BSID study, the biological impairment was
updated to a chloride impairment in the 2012 IR. The Draft 2014 IR has four additional impairments
listed under category 5 for temperature with an unknown source (MDE, 2014a). In all four listings,
temperature was observed above criteria and no coldwater obligate taxa were found.

In addition to the impairments listed for the watershed, Liberty Reservoir has three additional listings.
Chromium, lead, and polychlorinated biphenyl (PCB) in fish tissue were listed under Category 2, meaning
the reservoir meets the criteria for these pollutants, as documented in a WQA accepted in 2003 for
chromium and lead (MDE, 2003). PCBs were listed with concentrations below the threshold and
therefore a Water Quality Report was not required.

3.21 Bacteria (E. Coli) TMDL

A bacteria TMDL was developed for the entire Liberty Reservoir watershed, encompassing both the Carroll
County and Baltimore County drainage areas (MDE, 2009). Sampling from five representative stations
located in the Carroll County portion of the Liberty Reservoir watershed was used to estimate a baseline
load for E. coli. High flows and low flows for annual and seasonal conditions were then used to determine
the TMDL load, which is reported in the units of Most Probable Number (MPN) per day. The E. coli TMDL
for the entire Liberty Reservoir watershed (including a substantial portion located in Carroll County) is
361,008 billion MPN E.coli /year. The Liberty Reservoir was split into 6 subwatersheds for the purpose of
developing the Bacteria TMDL. The portion of Liberty Reservoir watershed located within Baltimore
County is contained within the “Downstream Subwatershed”, which also encompasses portions of Carroll
County. Since there are no sampling stations within the downstream watershed, the average of the five
upstream bacteria concentrations was assumed to be representative of the downstream subwatershed.
The E. coli TMDL for the “Downstream Subwatershed” is 110,313 billion MPN E.coli /year (MDE, 2009).

The bacteria TMDL is split between load allocations (LA) for nonpoint sources in each of the six TMDL
subwatersheds and waste load allocations (WLA) for point sources including NPDES regulated stormwater
(SW) and wastewater treatment plants (WWTPs). The final TMDL is split between LA (350,638 billion MPN
E. colifyear), WLA from SW (9,325 billion MPN E. coli/year), and WLA from WWTP (1,045 billion MPN E.
coli/year). The “Downstream Watershed” portion of the TMDL is split between LA (105,988 billion MPN
E. coli/year), WLA from SW (4,325 billion MPN E. coli/year), and WLA from WWTP (0 billion MPN E.
coli/year). To meet the final TMDL, the entire Liberty Reservoir watershed LA must be reduced 67% from
its baseline load (MDE, 2009). The TMDL calls for implementation of maximum practical reductions to
reduce fecal bacteria loads. In addition, other BMPs will be needed to meet reduction requirements
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including public education on pet waste, management of overpopulation of wildlife, and addressing failing
septic systems in the watershed (MDE, 2009).

3.2.2 Sediment and Phosphorus TMDL

The TMDLs for phosphorus and sediment apply to the entire 104,800-acre Liberty Reservoir watershed
which encompasses portions of western Baltimore County and eastern Carroll County. As such, the TMDLs
and reductions presented are for Liberty Reservoir watershed as a whole. The total phosphorus (TP) TMDL
is 41,009 lbs. /yr. (46% reduction), and the sediment TMDL is 15,988 tons/yr. (23%) reduction (MDE,
2014c). Each of these TMDLs includes nonpoint source loads from unregulated stormwater runoff within
the Liberty Reservoir watershed along with point source loads from industrial facilities that discharge
process water, National Pollutant Discharge Elimination System (NPDES) for regulated stormwater
discharges, and Confined Animal Feeding Operations (CAFOs). The Baltimore County urban stormwater
load is responsible for reducing its phosphorus loading by 49% and its sediment loading by 38% (MDE,
2014e).

3.23 Chlorides Impairment

Chlorides were found in 55% of stream miles with very poor to poor biological conditions during a BSID
analysis for the Liberty Reservoir watershed encompassing Carroll and Baltimore counties (MDE, 2012b).
High concentrations of chlorides are toxic to aquatic organisms and can result from industrial discharges,
metals contamination, and application of road salts in urban landscapes. The BSID analysis did not find a
high concentration of metals in the watershed so high chlorides and consequently high conductivity can
most likely be attributed to application of road salts (MDE, 2012b). As there is no specific criterion related
to the impact of chlorides, Maryland Department of the Environment (MDE) was not able to identify or
impose limits on a specific chloride pollutant in the watershed.

3.24 Chesapeake Bay Nutrient and Sediment Impairment

The Chesapeake Bay Program (CBP) has developed the Phase 5 Watershed Model, which, in conjunction
with the Estuary Model, is used to determine the sources and reductions of nitrogen, phosphorus, and
sediment needed to meet Chesapeake Bay tidal water quality standards. The Phase 5 model was used to
develop a Chesapeake Bay-wide TMDL and to assign nutrient and sediment load reductions to individual
states and ultimately local jurisdictions based on the segment loads. In Maryland, nutrient and sediment
load reductions were assigned on a county basis for achievement by a 2025 timeframe. Table 3-4 lists the
pollutant load reduction requirements updated to reflect 2010 reductions for Baltimore County under the
Chesapeake Bay TMDL.

Table 3-4: Baltimore County Stormwater Sector Pollutant Load Reductions (EPS, 2012)

% Pollutant Load Reduction

TMDL Requirements
Pollutant for Baltimore County
2025
Nitrogen 47.0%
Phosphorus 32.2%
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In developing the pollutant reduction strategy in Baltimore County’s Phase Il Watershed Implementation
Plan, consideration was also given to the relative delivery ratios for Baltimore County’s fourteen 8-digit
watersheds and the land use loading rates for urban impervious and urban pervious (EPS, 2012). The
Liberty Reservoir watershed has no delivery to the bay due to treatment factors in the reservoir and
drinking water withdrawals (EPS, 2012). Therefore any pollutant reduction actions that take place within
the watershed receive no credit toward Bay restoration.

3.3 Pollutant Loading Analysis

Pollutant loading analyses are intended to assess the impacts of current and future development on water
quality. For the Liberty Reservoir watershed, a pollutant loading analysis was completed based on land-
uses in the watershed along with the presence of septic systems within the watershed.

3.3.1 Land-Use Pollutant Loading

Land use analyses have been performed for each of the Maryland designated 8-digit watersheds located
entirely or in part within Baltimore County. As part of these analyses, Baltimore County derived
watershed-specific pollutant loading rates for nitrogen, phosphorus, and sediment based on the CBP
October 2011 Watershed Model. The model derived segment-specific loading rates for urban and non-
urban land uses. Pollutant loading rates corresponding to different land use types in the Liberty Reservoir
watershed are summarized in Table 3-5.

Table 3-5: Annual Pollutant Loading Rates for Water Resources Element (WRE) Land Use Classifications (lbs./acre/yr.)

Nitrogen Phosphorus Sediment

WRE Land Cover Per Acre Per Acre Per Acre
Impervious Urban 17.36 1.51 1,705
Pervious Urban 11.56 0.30 233
Cropland 23.08 1.32 1,157
Pasture 7.97 0.74 285
Livestock (AFO/CAFO)* 162.66 23.92 4,291
Forest 2.79 0.04 71
Water** 10.26 0.61 0
Construction 32.30 5.15 8,800

*AFO/CAFO refers to animal feeding operations and concentrated
animal feeding operations
**Nutrient loadings from water were not included in the analysis

As presented in Chapter 2, land use information for the Liberty Reservoir watershed was obtained from
Baltimore County and is based on Maryland’s Department of Planning (MDP’s) 2010 land use/land cover
(LU/LC) GIS spatial data. For purposes of the watershed pollutant loading analysis, Baltimore County uses
a consolidated version of MDP’s LU/LC classifications because loading rates do not differ significantly
between certain land use classes (e.g., various forest types). The MDP LU/LC categories present in the
Liberty Reservoir watershed and the corresponding Water Resources Element (WRE) land use classes used
for the pollutant loading analysis are summarized in Table 3-6.
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Table 3-6: Reclassification of MDP LU/LC to Water Resources Element (WRE) Land Use for Liberty Reservoir

MDP LU/LC Classification WRE Land Cover

11 Low Density Residential Urban*

12 Medium Density Residential Urban*

13 High Density Residential Urban*

14 Commercial Urban*

15 Industrial Urban*

16 Institutional Urban*

18 Open Urban Land Urban*

21 Cropland Cropland

22 Pasture Pasture

23 Orchard Pasture

41 Deciduous Forest Forest and Wetlands

42 Evergreen Forest Forest and Wetlands

43 Mixed Forest Forest and Wetlands

44 Brush Forest and Wetlands

50 Water Water

60 Wetlands Forest and Wetlands

80 Transportation Urban*
Divided between Urban*, Cropland,

191 Large Lot Subdivision (Agriculture) Pasture, and Forest
Divided between Urban*, Cropland,

192 Large Lot Subdivision (Forest) Pasture, and Forest

241 Feeding Operations Livestock (AFO/CAFQ)

242 Agricultural Buildings Livestock (AFO/CAFO)

*These categories were split into pervious urban and impervious urban areas using Baltimore County
roads and buildings spatial data.

Total acreages of each WRE land use category were calculated for the Liberty Reservoir watershed. These
were multiplied by the corresponding loading rates presented in Table 3-5 yielding annual pollutant loads
for total nitrogen, total phosphorus, and total sediment from the watershed. The total annual land use
pollutant loadings calculated for the Liberty Reservoir watershed are summarized in Table 3-7.
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Table 3-7: Total Annual Pollutant Loads for Nitrogen, Phosphorus, and Sediment for Liberty Reservoir

NITROGEN PHOSPHORUS SEDIMENT
Loading Loading Loading

Area Rate Load Rate Load Rate Load

WRE Land Use (acres) (Ibs./ac) (Ibs.) (Ibs./ac) (Ibs.) (Ibs./ac) (Ibs.)
Impervious Urban 709 17.36 12,304 1.51 1,073 1,705 | 1,208,297
Pervious Urban 3,019 11.56 34,887 0.30 896 233 702,809
Cropland 3,659 23.08 84,423 1.32 4,822 1,157 | 4,234,501
Pasture 786 7.97 6,258 0.74 578 285 223,955
Livestock (AFO/CAFO) 18 162.66 2,878 23.92 423 4,291 75,920
Forest and Wetlands 7,933 2.79 22,157 0.04 312 71 562,111
Water* 325 - - - - - -
Total 16,449 162,906 8,104 7,007,594

*Nutrient loadings from Water were not included in the analysis

Note that the pollutant loading rates developed for the water land use category represent atmospheric
deposition of nitrogen and phosphorus to water. Because this nutrient delivery system is not addressed
in SWAPs, it was not included in the analysis. Also note that MDP land use categories 191-Large lot
subdivision (agriculture) and 192-Large lot subdivision (forest) were subdivided into cropland, urban,
forest, and pasture land uses based on the percentage breakdown shown in Table 3-8 below and
developed by the Baltimore County Environmental Protection and Sustainability (EPS) based on a
Geographic Information Systems (GIS) and statistical analysis of various large lot subdivision land use
polygons.

Table 3-8: Recommended Loading Group Breakdown by Large Lot Subdivision Type

Proportion of Area by Loading Rate Groups

MDP LU/LC Classification

Cropland Urban  Forest Pasture
191 | Large Lot Subdivision (Agriculture) 14.2% 16.1% 27.6% 42.1%
192 | Large Lot Subdivision (Forest) 5.4% 9.6% 78.4% 6.6%

Total annual nitrogen and phosphorus loads estimated for the Liberty Reservoir watershed are 162,906
Ibs. TN/year and 8,104 Ibs. TP/year, respectively. Total annual sediment loading from land use sources
into the Liberty Reservoir watershed is 7,007,594 lbs. sediment/year. Pollutant loadings were also
calculated on a subwatershed basis using the same loading rates and land use classification. These
estimates will provide baseline pollutant loads before implementation of restoration projects and will
allow a better assessment of both progress made to date and further progress needed to meet watershed
goals or anticipated TMDLs for urban nonpoint source reduction.

Table 3-9 summarizes the acreages of WRE land use categories by subwatershed in the Liberty Reservoir
watershed. The resulting nitrogen, phosphorus, and sediment loads for the 14 subwatersheds are
presented in Table 3-10, Table 3-11 and Table 3-12, respectively. These three tables also include annual
nitrogen, phosphorus, and sediment loading rates per acre (Ibs. /ac/yr.) calculated for each subwatershed.

80



Liberty Reservoir (Area S) Parsons Brinckerhoff
Watershed Characterization March 2015

The tables show that the subwatershed generating the greatest pollutant load is Cliffs Branch. It is
important to note that Cliffs Branch has the largest surface area of all subwatersheds (19% of the total
watershed) followed by Glen Falls Run (13%) compared to the remaining subwatersheds. In general, the
subwatersheds in the Liberty Reservoir are mostly forest and wetland (48%) and cropland (22%). Due to
the high percentage of cropland cover the pollutant loadings into surface waters are consequently high.
Subwatershed pollutant loadings and rates will be used to prioritize restoration efforts. Total planning
level pollutant load estimates will be used to determine necessary reductions to meet watershed goals
and any future TMDL reductions.

Table 3-9: Liberty Reservoir Water Resources Element (WRE) Land Use Acreages by Subwatershed

WRE LAND COVER

Impervious Pervious Livestock Forest
SUBWATERSHED Urban Urban Cropland Pasture (AFO/CAFO) /Wetland
Board-Aspen Run 49 106 434 31 0 139 0
Cliffs Branch 119 432 1,617 213 0 762 0
Glen Falls Run 117 492 318 81 0 1,044 7
Liberty Reservoir-B 33 147 52 4 13 324 64
Keyser Run 81 321 173 98 0 331 1
Liberty Reservoir-E 4 1 69 1 0 171 32
Norris Run 115 503 281 46 0 838 8
Liberty Reservoir-C 12 14 47 58 0 225 33
Timber Run 33 188 71 18 0 623 0
Cooks Branch 25 197 75 43 0 446 0
Liberty Reservoir-F 48 206 248 125 0 1,258 129
Chimney Branch 9 53 60 7 0 310 0
Liberty Reservoir-A 19 77 99 18 4 518 50
Locust Run 43 283 113 42 0 944 2
Total 709 3,019 3,659 786 18 7,933 325
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Table 3-10: Liberty Reservoir Annual Nitrogen Loads by Subwatershed Based on WRE Land Use (lbs. /yr.)

WRE LAND COVER Total
Nitrogen Nitrogen

Total Area Impervious Pervious Livestock Forest Load (lbs. Loading Rate
SUBWATERSHED (acres) Urban Urban Cropland Pasture (AFO/CAFO) /Wetland /yr.) (Ibs./acre/yr.)
Board-Aspen Run 758 843 1,219 10,014 244 0 389 12,709 16.8
Cliffs Branch 3,142 2,066 4,990 37,317 1,693 0 2,127 48,193 15.3
Glen Falls Run 2,059 2,036 5,690 7,334 644 0 2,915 18,618 9.0
Liberty Reservoir-B 638 576 1,700 1,211 34 2,101 905 6,527 10.2
Keyser Run 1,006 1,413 3,709 3,996 784 47 925 10,873 10.8
Liberty Reservoir-E 280 77 17 1,601 11 0 479 2,185 7.8
Norris Run 1,790 1,994 5,807 6,480 365 0 2,341 16,988 9.5
Liberty Reservoir-C 391 216 163 1,095 464 0 629 2,566 6.6
Timber Run 932 573 2,167 1,629 147 0 1,739 6,254 6.7
Cooks Branch 786 429 2,279 1,735 341 0 1,245 6,028 7.7
Liberty Reservoir-F 2,014 841 2,376 5,715 994 0 3,515 13,441 6.7
Chimney Branch 439 159 611 1,391 56 0 865 3,083 7.0
Liberty Reservoir-A 786 330 890 2,291 144 730 1,447 5,832 7.4
Locust Run 1,428 750 3,269 2,615 337 0 2,638 9,609 6.7
Total 16,449 12,304 34,887 84,423 6,258 2,878 22,157 162,906 9.9
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Table 3-11: Liberty Reservoir Annual Total Phosphorus (TP) Loads by Subwatershed Based on WRE Land Use (lbs. /yr.)

WRE LAND COVER Total Phosphorus

Total Area Impervious Pervious Livestock Forest Phosphorus Loading Rate

SUBWATERSHED (acres) Urban Urban Cropland Pasture (AFO/CAFO) /Wetland Load (lbs./yr.) (lbs./acre/yr.)
Board-Aspen Run 758 73 31 572 23 0 5 705 0.93
Cliffs Branch 3,142 180 128 2,131 156 0 30 2,626 0.84
Glen Falls Run 2,059 178 146 419 59 0 41 843 0.41
Liberty Reservoir-B 638 50 44 69 3 309 13 488 0.77
Keyser Run 1,006 123 95 228 72 7 13 539 0.54
Liberty Reservoir-E 280 7 0 91 1 0 7 106 0.38
Norris Run 1,790 174 149 370 34 0 33 760 0.42
Liberty Reservoir-C 391 19 4 63 43 0 9 137 0.35
Timber Run 932 50 56 93 14 0 24 237 0.25
Cooks Branch 786 37 59 99 31 0 18 244 0.31
Liberty Reservoir-F 2,014 73 61 326 92 0 49 602 0.30
Chimney Branch 439 14 16 79 5 0 12 126 0.29
Liberty Reservoir-A 786 29 23 131 13 107 20 324 0.41
Locust Run 1,428 65 84 149 31 0 37 367 0.26
Total 16,449 1,073 896 4,822 578 423 312 8,104 0.49
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Table 3-12: Liberty Reservoir Annual Sediment Loads by Subwatershed Based on WRE Land Use (lbs. /yr.)

WRE LAND COVER Total

Livestock Forest Sediment
(AFO/CAFO) /Wetland Load (lbs. /yr.)

Sediment
Loading Rate
(Ibs./acre/yr.)

Pervious
Urban

Total Area
(acres)

Impervious

SUBWATERSHED Urban Pasture

Cropland

Board-Aspen Run 758 82,749 24,566 502,299 8,736 0 9,857 628,208 829.0
Cliffs Branch 3,142 202,856 100,531 | 1,871,732 60,600 0 53,971 2,289,689 728.7
Glen Falls Run 2,059 199,930 114,628 367,841 23,052 0 73,941 779,393 378.5
Liberty Reservoir-B 638 56,613 34,238 60,734 1,225 55,427 22,957 231,194 362.6
Keyser Run 1,006 138,768 74,722 200,413 28,057 1,231 23,461 466,652 463.7
Liberty Reservoir-E 280 7,575 339 80,300 409 0 12,142 100,766 359.9
Norris Run 1,790 195,873 116,986 325,035 13,061 0 59,399 710,354 396.8
Liberty Reservoir-C 391 21,167 3,274 54,907 16,593 0 15,966 111,908 286.5
Timber Run 932 56,276 43,648 81,698 5,255 0 44,122 231,000 247.8
Cooks Branch 786 42,143 45,915 87,004 12,196 0 31,573 218,830 278.6
Liberty Reservoir-F 2,014 82,618 47,856 286,677 35,569 0 89,164 541,884 269.1
Chimney Branch 439 15,657 12,318 69,788 1,992 0 21,936 121,691 277.2
Liberty Reservoir-A 786 32,393 17,937 114,908 5,143 19,262 36,707 226,350 287.9
Locust Run 1,428 73,680 65,851 131,166 12,064 0 66,916 349,677 244.9
Total 16,449 | 1,208,297 702,809 4,234,501 223,955 75,920 562,111 7,007,594 426.0
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3.3.2 Septic Pollutant Loading

The majority of the Liberty Reservoir watershed relies on septic systems for waste treatment; public sewer
systems only cover the outer edge of the south-east boundary of the watershed. Septic systems are
designed so that waste goes into a tank, enabling solids to settle at the bottom and liquids to flow through
a septic field. While some phosphorus can become soluble in septic systems, it is assumed that only
nitrogen is distributed to the septic field for pollutant loading calculations (CBP, 2009).

The nitrogen load that passes into the septic field, through the soil, reaches the stream system through
groundwater. Septic systems are classified based on their location in the watershed, specifically their
proximity to streams. Loading rates are 10.28 Ibs. nitrogen/year if the system is within 1,000 feet of a
stream and 6.17 Ibs. nitrogen/year if the stream is located further than 1,000 feet of a stream. In the
Liberty Reservoir watershed, there are no septic systems located within the Chesapeake Bay Critical Area.

As shown in Table 3-13, Liberty Reservoir has a high number of septic systems due to the rural nature of
the watershed with the majority of the area located outside the Urban/Rural Demarcation Line (URDL)
(see Section 2.3.6.3). The total estimated annual nitrogen load due to septic systems was calculated as
23,336 Ibs. /yr. and is broken down by subwatershed in Table 3-13.

Table 3-13: Total Septic Systems and Population by Subwatershed

# of Septic Systems Nitrogen Load (lb. N/year)

Total # of Total
<1000' from >1000'from <1000'from >1000'from Nitrogen
stream stream stream stream Load

Septic
Systems

Subwatershed

Board-Aspen Run 143 137 6 1,408 37 1,445
Cliffs Branch 397 385 12 3,958 74 4,032
Glen Falls Run 330 330 3,392 3,392
Liberty Reservoir-B 73 73 750 750
Keyser Run 166 166 1,706 1,706
Liberty Reservoir-E 6 6 0 62 62
Norris Run 334 324 10 3,331 62 3,392
Liberty Reservoir-C 32 32 0 329 0 329
Timber Run 146 140 6 1,439 37 1,476
Cooks Branch 151 151 0 1,552 1,552
Liberty Reservoir-F 168 168 0 1,727 1,727
Chimney Branch 29 29 0 298 298
Liberty Reservoir-A 65 65 0 668 668
Locust Run 246 240 6 2,467 37 2,504
Total 2,286 2,246 40 23,089 247 23,336
3.3.3 Total Pollutant Loading

The total estimated pollutant loads based on land use and

Reservoir watershed are summarized in Table 3-14.
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Table 3-14: Total Annual Pollutant Loading for Liberty Reservoir

Total Nitrogen Total Phosphorus Total Sediment

WRE Land Use Load (lb./year) Load (lIb./year) Load (lb./year)
Impervious Urban 12,304 1,073 1,208,297
Pervious Urban 34,887 896 702,809
Cropland 84,423 4,822 4,234,501
Pasture 6,258 578 223,955
Livestock (AFO/CAFQ) 2,878 423 75,920
Forest and Wetlands 22,157 312 562,111
Water - - -
Septic Systems 23,336 - -
Total 186,241 8,104 7,007,594

3.4 Water Quality Monitoring Data
Baltimore County and Maryland Department of Natural Resources (DNR) have conducted chemical,
physical, and biological monitoring for the Liberty Reservoir watershed through various programs.

3.4.1 Flow Monitoring
There are no United States Geological Survey (USGS) stream gage stations in the Baltimore County portion
of the Liberty Reservoir Watershed.

3.4.2 Baltimore Countywide Monitoring

Baltimore County conducts several water quality monitoring programs across the county. The following
subsections provide details on the chemical, biological, and bacterial monitoring that is currently in place.
There is no geomorphologic monitoring for Liberty Reservoir.

3.4.2.1 Trend Chemical Monitoring

Baltimore County’s Trend Chemical Monitoring Program observes ambient chemical conditions and
determines trends in chemical concentrations and pollutant loads over time. This data is used to
determine areas to target restoration, assess the impact of implemented restoration activities, and
determine the amount of progress made towards meeting TMDLs and other restoration goals. The
program was initiated in January 2011 and replaced Baltimore County’s previous Baseflow Monitoring
program. Sites are visited on the same day, once per month. In the Liberty Reservoir watershed, there are
a total of three monitoring sites located in the Cliffs Branch, Glen Falls Run, and Norris Run subwatersheds
as shown in Figure 3-1.
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Figure 3-1: Chemical Monitoring Sites in Liberty Reservoir
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32 quality parameters were measured in trend monitoring including total suspended solids (TSS), total
solids (TS), total kjeldahl nitrogen (TKN), nitrate-nitrite, total phosphorus (TP), chloride (Cl~), sodium (Na),
biochemical oxygen demand (BOD), chemical oxygen demand (COD), hardness, magnesium, and calcium
as well as water temperature and pH determined in situ. If water quality parameters registered below the
equipment detection limit, they were given a value of half the detection limit.

Of particular importance were measurements for total suspended solids (TSS), nutrients (nitrogen and
phosphorus), chlorides, and temperature due to 303(d) listings and TMDL as well as sodium due to the
downstream impoundment’s use as a water supply:

e Suspended Solids: Excessive suspended solids can adversely impact aquatic life as it affects the
light available for photosynthesis by plants and visual capability of aquatic life. Decreased light
can lead to a decrease in algae communities that may limit food supplies and reduce growth rates
of invertebrate and fish communities. Suspended solids can inhibit the hunting capability of visual
fish predators and cause gill damage. Excessive sediment can also negatively affect habitat
structure, through the burial of space between the gravel in the stream bottom (called
embeddedness). Embeddedness can kill incubating fish eggs/larvae and benthic
macroinvertebrates and can trap bacteria and organics on the stream bottom causing oxygen
depletion. Over the long term, excessive sediment can also reduce the storage volume available
in the reservoir.

e Nutrients: Over-enrichment of water bodies by excessive nutrient input can cause excessive
growth of aquatic plants (algal blooms) and bacterial consumption of dissolved oxygen when the
plants decompose. This can lead to significant reductions in water quality as well as abundance
and diversity of aquatic life communities.

e Temperature: Water temperature is the single most important factor that limits the geographic
distribution of aquatic life. The fish may be found in waters with temperature ranges from 0 —
24°C; however, the temperature should not exceed 20°C (the water quality criteria for Use llI
Waters) for an optimal environment.

e Chlorides and Sodium: Natural stream systems can also be impaired by urban land use and its
effects such as an increase in dissolved substances (including chloride and sodium) in runoff.
Chlorides come from a variety of sources including industrial discharges, metals contamination,
and road salt application. The most likely source of chlorides entering the Liberty Reservoir is from
the storage and application of road salt (MDE, 2012b). Road salt has also been identified as a
major contributor to sodium levels in the watershed and reservoir (ACEQ, 2009). Increased
chloride and sodium levels are associated with degraded biological conditions by inversely
impacting water quality, soil chemistry, and aquatic health.

Stream ratings based on total nitrogen concentration established using data adapted from DNR, and
loading coefficients reported by Frink are shown in Table 3-15 (Frink, 1991). Ratings for total phosphorus
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were developed by evaluating non-tidal phosphorus data from the CBP, also shown in Table 3-15 (Belval
& Sprague, 1999).

Table 3-15: Stream Ratings by Nutrient Concentration

Total Nitrogen Total Phosphorus
Rating (TN) (TP)
Baseline 0.0-1.0 <0.05
Slightly elevated 1.0-2.0 0.05 - 0.075
Moderate 2.0-3.0 0.075- 0.10
High 3.0-5.0 0.10 - 0.20
Excessive >5.0 >0.20

Three trend monitoring sites are located within the Liberty Reservoir area. The trend monitoring data for
2011 to 2013 are summarized in Table 3-16.
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Table 3-16: Liberty Reservoir Trend Monitoring Summary by Site

Site

Parameter LI01 LI02 LI04
No. Samples 36 36 36
Max 454 450 552
Tm;:)'lisdussffsns‘;ed Min_ 0.50 0.00 0.50
(mg/L) Median 0.50 0.50 0.50
Mean 17.67 16.28 18.10
Std. Dev 76.90 74.78 91.77
No. Samples 27 27 27
Max 6.57 20.37 3.70
Total Nitrogen Min 3.29 0.41 1.19
(mg/L) Median 5.37 2.17 1.97
Mean 5.08 2.69 2.15
Std. Dev 1.14 3.59 0.65
No. Samples 34 34 34
Max 1.11 0.57 0.85
Total Phosphorus Min 0.03 0.03 0.03
(mg/L) Median 0.03 0.03 0.03
Mean 0.08 0.04 0.06
Std. Dev 0.19 0.09 0.15
No. Samples 36 36 36
Max 22.40 22.00 22.30
Temperature Min 0.10 0.40 0.83
(9 Median 12.00 12.10 12.55
Mean 12.49 12.01 12.33
Std. Dev 6.34 6.72 6.52
No. Samples 28 28 28
Max 45.48 228.83 402.84
Chloride Min 6.05 15.87 15.07
(mg/L) Median 32.92 49.04 57.24
Mean 33.08 57.81 70.47
Std. Dev 7.42 35.98 66.26
No. Samples 36 36 36
Max 38.00 167.70 252.20
Sodium Min 1.80 5.10 5.60
(mg/L) Median 12.10 18.80 18.85
Mean 13.13 25.43 26.59
L Std.Dev 5.90 27.93 39.65

Suspended solids concentrations may not reflect elevated concentrations which are typically during storm
events. Average total nitrogen concentrations were rated as “Excessive” at Site LIO1 and “Moderate” at
Sites LI02 and LI04. The highest concentrations were observed at site LI02 in Glen Falls Run. TP averages
were rated as “baseline” for Site LI02; “Slightly elevated” for Site LI04; and “Moderate” for Site LIO1 at
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Cliffs Branch. Besides TSS, TP, and TN, temperature, chlorides, and sodium are water quality parameters
measured in trend monitoring that were further evaluated.

The water quality criterion for maximum temperature in Use | Waters is 32°C and in Use Il Waters is 20°C
or the ambient temperature of the surface water; however, a thermal barrier that adversely affects
aquatic life may not be established (COMAR, 2014b). Locust Run, Keyser Run, Timber Run, and Glen Falls
Run were listed as impaired for temperature in 2014. The three sampling sites in Liberty Reservoir surpass
the maximum temperature of 20°C between 17-19% of the times sampled. The temperature exceedance
occurred during the months of June to September. The maximum temperature recorded at any site was
22.4°Cin August at Site LIO1.

Natural stream systems can also be impaired due to the usage of road salt in the winters. Road salt (NaCl)
enters the stream system as roadway runoff and dissolves in water into sodium and chloride ions,
inversely impacting water quality, soil chemistry, and aquatic health. According to the Baltimore County
Advisory Commission on Environmental Quality, Baltimore County and the State apply more road salts
than other jurisdictions at a rate of approximately 1.2 tons of salt per lane mile per storm and 3.2 tons of
salt per lane mile per storm, respectively (ACEQ, 2009). While there is currently no state water quality
criterion for chlorides, MDE has recommended a future water quality standard be implemented (MDE,
2013). The USEPA’s recommended water quality criterion for aquatic life for chloride is 860 mg/L for acute
exposure and 230 mg/L for chronic exposure (USEPA, 2014). Similarly, there is no water quality criteria
established for sodium; however, the USEPA warns that people under strict sodium diets not consume
water with sodium concentrations exceeding 20 mg/L (USEPA, 2003). While the current monitoring
indicated chloride levels below the United States Environmental Protection Agency’s (USEPA’s)
recommended limits, mean sodium levels were above 20 mg/L for two of the three sampling sites, Sites
LI02 and LIO4. Since 1973, a nearly three-fold increase in sodium levels has been observed in the treated
water coming from the Liberty Reservoir and treated at the Ashburton plant (ACEQ, 2009).

Biological Monitoring

Biological monitoring for Liberty Reservoir has been conducted by Baltimore County since 2003 following
the Maryland Biological Stream Survey (MBSS) probabilistic monitoring methods to assess ecological
health in local streams. In odd-numbered years (except 2009), macro-invertebrate samples were taken
during the spring index period and a Benthic Index of Biotic Integrity (BIBI) score was calculated. The BIBI
scores were grouped and given a condition rating: “Very Poor” (1.00 — 1.99), “Poor” (2.00 — 2.99), “Fair”
(3.00 — 3.99), and “Good” (4.00 — 5.00) (EPS, 2013). Table 3-17 provides the distribution of BIBI scores
calculated for Liberty Reservoir watershed between 2003 and 2011. A visual reference of the distribution
of BIBI scores across all monitoring years is shown in Figure 3-2.
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Table 3-17: Historical BIBI Scores in the Liberty Reservoir Watershed (EPS, 2013)

Very Poor Poor Fair Good
# of Samples (1.00 - 1.99) (2.00 - 2.99) (3.00 - 3.99) (4.00 - 4.99)

2003 10 10% 50% 30% 10%

2005 22 5% 32% 41% 23%

2007 20 0% 0% 30% 70%

2009 15 0% 0% 0% 0%

2011 10 0% 10% 70% 20%
80%
70%
60%
50% W 2003
40% W 2005

2007
0,
30% m 2009
20% | I 2011
N 1 B E
0% n T 1
Very Poor Poor Fair Good
(1.00 - 1.99) (2.00 - 2.99) (3.00 - 3.99) (4.00 - 4.99)

Figure 3-2: Distribution of BIBI Scores in the Liberty Reservoir Watershed over Time

Since monitoring began in 2003, the BIBI scores have shown signs of improvement. In 2003, 60% of the
sites were rated either “Very Poor” or “Poor” and only 10% were rated “Good”. In the most recent
samplings of 2011, 70% of the sites were rated “Fair” and 20% were rated “Good”. The location of
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sampling sites within the Liberty Reservoir watershed and their corresponding condition are shown in
Figure 3-3.
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Figure 3-3: Biological Monitoring Sites from 2004-2012 in Liberty Reservoir
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3.4.2.2 Bacterial Monitoring

In addition to chemical and biological monitoring, Baltimore County conducts Bacteria Trend Monitoring
in response to the development of bacteria TMDLs. Beginning in June of 2010, Baltimore County EPS has
coordinated with the Baltimore City Surface Water Management Division to monitor bacteria trend levels
at 35 sites throughout the county and are proposing 19 new locations in Liberty Reservoir. Currently, all
five active monitoring sites within the overall Liberty Reservoir watershed are within Carroll County. Table
3-18 shows the percentage of samples at each site in Carroll County that were above the Single Sample
Maximum Allowable Density for Infrequent Full Body Contact Recreation of 576 MPN/100mL (COMAR,
2014b). Based on the percentage of samples that exceeded the limit, each site was rated as Good (0-25%),
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Fair (26-50%), Poor (51-75%), or Very Poor (76-100%). Figure 3-4 shows the locations of current bacteria
monitoring sites and proposed future monitoring sites.

Table 3-18: Annual E. coli Concentrations and Ratings for the Liberty Reservoir Watershed (EPS, 2013)

Geometric % Samples
Total # [\ BT Exceeded Limit
Station ID Samples (MPN/100ml) (576 MPN/100ml) Rating
LIB-1 10 87.45 0% Good
LIB-2 11 79.05 9% Good
LIB-3 12 331.44 42% Fair
LIB-4 11 90.74 0% Good
LIB-5 11 157.44 18% Good
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Figure 3-4: Bacteria Monitoring Sites in the Liberty Reservoir Watershed
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3.4.3 Illicit Discharge and Elimination Data
Baltimore County monitors illicit discharges from its storm sewer system through a program of routine
outfall screenings. The program consists of three parts:

1. Aquantitative analysis of the effluent that includes measuring the effluent flow rate, temperature
and pH, and field testing for parts per million (ppm) of chlorine, phenols, copper, and ammonia
using a specially configured LaMotte NPDES test kit;

1. Aqualitative assessment of the effluent, outfall structure, and receiving channel noting conditions
such as water color, odor, vegetative condition, sedimentation, erosion, damage, etc.; and

2. Avisual inspection of each outfall that identifies any structural damage.

There is 1 major outfall (>3 ft.) and 30 minor outfalls (<3 ft.) documented through spatial data by Baltimore
County EPS in the Liberty Reservoir watershed. The County has an outfall prioritization system based on
data from the outfall screenings. The prioritization system allows for a more streamlined approach in
selecting outfalls to screen and provides a more efficient use of manpower.

Under the outfall prioritization system, outfalls that have not been screened at least twice are not
prioritized. Prioritized outfalls, those screened two or more times, are assigned one of the following
priority ratings:

e  Priority 1 (Critical): Outfalls with major problems that require immediate correction and/or close
monitoring, or outfalls with recurring problems. These outfalls are sampled four times each year.

e Priority 2 (High): Outfalls with moderate to minor problems that have the potential to become
severe. These outfalls are sampled once per year.

e  Priority 3 (Low): Outfalls with minor or no problems that do not require close monitoring. These
outfalls are sampled on a 10-year cycle.

e Priority O (Not prioritized): Outfalls with insufficient data to determine a priority rating. This may
be due to inaccessibility, or if there has been an insufficient number of screenings. Major outfalls
need three visits and minor outfalls need one visit before being prioritized.

The major outfall documented in the Liberty Reservoir watershed has a Priority 2 rating, and one minor
outfall has a Priority 3 rating. Both outfalls are located in the Norris Run subwatershed (see Figure 2-16).
Table 3-19 summarizes the priority rating for these outfalls.

Table 3-19: Baltimore County Storm Drain Outfall Prioritization Results for Liberty Reservoir

OUTFALL PRIORITY RATING

Subwatershed Priority 1 Priority 2 Priority 3 Priority 0 Total
Norris Run 0 1 1 0 0
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3.5 Additional Studies
Various reports and studies have been conducted by state, county, and municipal agencies pertaining to
Liberty Reservoir and the watershed’s water quality. The reports are summarized in the sections below.

3.5.1 Road Salt Management

The Maryland State Legislature passed two bills in 2010 requiring the establishment of a Statewide Salt
Management Plan; the Maryland State Highway Administration (SHA) in conjunction with MDE developed
the document to minimize adverse impacts of road salt runoff in the state of Maryland. The objective of
the Statewide Salt Management Plan is to provide a framework for highway agencies to deliver safe,
efficient roadways during winter storms cost effectively while also acknowledging their obligation to do
so in the most environmentally sensitive manner practicable (SHA, 2014). The report highlights the
importance of providing public safety and mobility during winter storm events, but highlights the
importance of proper storage, handling, and distribution of salt and the significance of alternative de-icing
methods to ensure minimal negative environmental impacts. The severity and duration of winter storms
dictates the quantity of salt required to maintain levels of service along roadways; currently, salt is the
primary snow and ice control material due to its low cost.

Over salting can have significant environmental impacts. A report conducted by DNR directly links road
salts to increasing levels of sodium in fresh water sources (DNR, 2013). Increased sodium levels result in
poor aquatic habitat and a decrease in populations of fish, amphibians, and other macro invertebrates.
Currently, there are no water quality criteria for chloride or sodium in Maryland.

3.5.2 Reservoir Management

The Reservoir Watershed Management Agreement was signed in 2005 to continue the review of problems
and actions affecting the three Baltimore County water-supply reservoir watersheds and provide
recommendations to protect the three reservoirs (RWPC, 2005). The agreement is signed by multiple
government agencies including Baltimore County, Baltimore City, Carroll County, Maryland Department
of the Environment, Maryland Department of Agriculture, Baltimore and Carroll counties Soil
Conversation District, Reservoir Watershed Protection Committee (RWPC) and Baltimore Metropolitan
Council (BMC). The Liberty Reservoir is one of the three water-supply reservoirs in Baltimore County.
Based on capacity in 2001, Liberty Reservoir has lost 1.28 billion gallons of storage capacity since its
inception in 1954 (RWPC, 2005).

The Action Strategy for the Reservoir Watersheds consists of actions to be completed by various entities
in order to protect and maintain the quality of water draining to the three reservoirs. These actions include
monitoring the reservoirs and major tributaries, watershed modeling, issuing discharge permits (NPDES),
promoting agricultural Best Management Practices (BMPs), continuing the implementation of stormwater
management regulations, administering sewer and septic regulations and inspections, aiding urban
nutrient reductions, and overall land management through conservation and strategic development
(BRWMP, 2005).

A progress report regarding the Action Strategy was published in 2009 by the Baltimore Metropolitan
Council summarizing the 93 original “actions” recommended and focuses on the status of these
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commitments (BMC, 2009). Many of the efforts were found to be ongoing. One key action pertaining to
the Liberty Reservoir watershed was the commitment to seek funding to study the contribution of
nutrients from septic systems; the majority of the watershed is on septic systems and further studies need
to be completed to accurately estimate the pollutant loads. Overall, the majority of the actions are being
performed although no further progress reports have been published.

3.5.3 Baltimore County Master Plan

The Baltimore County Master Plan is a guidance document for future development within Baltimore
County. The goal of the Master Plan is to protect the environment, preserve agriculture, and ensure safe
and attractive places to live and work (DP, 2010). The plan aims to focus development and redevelopment
within the URDL to direct growth away from sensitive ecological features. The vast majority of proposed
land use within the document for the Liberty Reservoir watershed consists of Natural Zones (T-1: natural
condition), Rural Zones (T-2: sparsely settled lands in an open or cultivated state), and small amounts of
Rural Residential Zones (T-2 R: large lot single-family detached housing) in the south. The report also
emphasizes the importance of resource conservation with the county’s current goal for land preservation
of at least 80,000 acres of land to protect agriculture and natural resources.

3.54 Maryland Brook Trout Management Plan

Brook trout are the only trout in Maryland for which a Fisheries Management Plan was written due to
their valuable standing as Maryland’s only native freshwater trout species and concerns of their current
status (DNR, 2006). Brook trout require high quality waters for survival and cannot typically survive in
waters where temperatures exceed 68°F. The Fisheries Management Plan aims to restore and maintain
healthy brook trout populations in Maryland’s freshwater streams and provide long-term social and
economic benefits from a recreational fishery. In Maryland, the top five reasons for loss and degradation
of brook trout populations are 1) high water temperatures, 2) agriculture, 3) urbanization, 4) exotics
(brown trout), and 5) poor riparian habitat.

As of fall 2005, there were three subwatersheds in Liberty Reservoir that had known sustaining brook
trout populations (Cooks Branch, Timber Run, and Norris Run) (DNR, 2006). The brook trout population in
these subwatersheds is confined to approximately 3.5 miles of stream. Brook trout extirpation is likely
when human land use exceeds 18% of a watershed. Brook trout typically remains an intact population
when human land use (any human-caused change from pre-settlement habitat type) is less than 10%
(DNR, 2006). An intact population means that more than 50% of all native habitats in the subwatershed
support self-sustaining brook trout populations. While the management plan includes recommendations
to restore native brook trout populations in Maryland, these efforts will likely be focused in special trout
management areas, of which the North Branch Patapsco (including Liberty Reservoir) is not included.

3.5.5 White-tailed Deer Management

Overabundant deer populations have a negative impact on forest health as deer eat understory and
ground vegetation limiting the regenerative ability of the forests. This limits the stormwater benefits
attributed to a healthy forest system such as slowed surface water flow, prevention of soil erosion, ground
water filtration, and nutrient reduction. The lack of native understory vegetation also eliminates food and
habitat for other wildlife, reducing biodiversity, and can increase the presence of invasive plants. While
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the recommended deer density to prevent forest degradation is approximately 15 to 20 deer per square
mile, the average deer density in Baltimore County is 95 deer per square mile, according to a 2009 study
(EPS, 2014). A reported 6,336 deer were harvested in Baltimore County during the 2013-2014 hunting
season; of that number, 98 were harvested from the Liberty Reservoir Watershed (DNR, 2014b).

3.5.5.1 County White-tailed Deer Management

Deer herd management in Baltimore County began with the City of Baltimore’s efforts to control deer
herds at the reservoirs, Liberty, Prettyboy, and Loch Raven, through public bow hunting and deer
cooperator approaches. Public hunting has been allowed at Liberty Reservoir for several decades. During
the 2011 to 2012 season, a total of 324 deer were culled at Liberty Reservoir through the deer herd
management program. Forward-Looking Infra-Red (FLIR) surveys are used to survey deer populations and
to estimate additional reductions necessary to reduce deer pressure on the forest (EPS, 2014).

3.5.5.2 Maryland White-tailed Deer Plan 2009-2018

A white-tailed deer management plan was created by the Maryland Department of Natural Resources
(DNR) to document the history and current status of white-tailed deer in Maryland, describe the
responsibilities of the DNR deer management program, and serve as a strategic plan for deer management
through 2018. The plan provides a myriad of strategic management options for statewide use. DNR has
increased assistance to public land managers to develop deer hunting programs outside of the regular
deer hunting season framework to address population issues. DNR also employs deer biologists to work
with communities and derive the best management strategy to meet their local interests and needs (DNR,
2009).

In the state of Maryland, deer hunters remove approximately 100,000 deer a year at little or no financial
burden to the general public. Additionally, Deer Management Permits (DMPs) are available for producers
(i.e. farmers, arborists, etc.) in situations where the deer hunting season does not adequately regulate the
population. Another regulation program is the Maryland Deer Cooperator Program that certifies private
individuals to lethally remove deer for a profit from areas where hunting is not feasible; the cost for deer
removal ranges from $150 to $450 per deer. DNR also authorizes managed deer hunting programs for
hunts primarily on county and federally owned lands with favorable results. Finally, contraception has
been experimentally tested in the white deer population control with mixed results. The State of Maryland
has also created the venison donation program to provide a way for hunters to make use of more deer
than they normally would in a given year, encouraging more deer culling (DNR, 2009).

3.5.6 Liberty Reservoir Watershed Action Strategy within Carroll County, MD

In March, 2003, Carroll County produced a Watershed Restoration Action Strategy (WRAS) “designed to
maintain and enhance the water quality of streams draining to Liberty Reservoir” (Carroll County, 2003).
To accomplish this objective, the study developed a watershed characterization for the Carroll County
portion of the Liberty Reservoir watershed, conducted stream corridor assessments in three selected
subwatersheds, developed action strategies to address water quality degradation and impairment, and
identified opportunities to work with stakeholders to implement the WRAS.
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The land uses of Carroll County’s portion of the Liberty Reservoir watershed are predominately classified
in the WRAS as agricultural (60%) or residential (20%) with the remaining areas split between
commercial/industrial, publicly owned, and “other.” Stream corridor assessments (SCAs) were conducted
within the Middle Run, Snowdens Run, and West Branch subwatersheds. The three most common
impairments identified during the SCAs were erosion sites, pipe outfalls, and inadequate buffers. A
subwatershed map of the Carroll County portion of the Liberty reservoir watershed can be seen in Figure
3-5.
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Figure 3-5: Subwatershed Map of the Carroll County Portion of the Liberty Reservoir Watershed (Carroll County, 2003)
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The action strategies developed in the WRAS are summarized as follows:

3.6

1.

Nutrient Source Tracking Strategy — Further investigation of the sources of nutrient pollution was
recommended to target specific areas for restoration of protection.

Agriculture BMP Targeting Strategy — Using maps of agricultural BMPs developed for the WRAS,
the Carroll County Soil Conservation District will determine areas where further work needs to be
accomplished in targeted watersheds.

Stormwater Retrofit and Storm Drain Repair Strategy — The intent of this action item is to retrofit
existing SWM facilities as well as provide repairs to storm drains that are degrading water quality.
Working with the Bureau of Road Operations, which performs or contracts out repairs, Carroll
County will compare areas where impairments related to pipe outfalls and SWM facilities were
identified during SCAs to areas where citizen complaints have been received to prioritize repair
work. In high priority subwatersheds, designers of new development will be directed to retrofit
existing storm drains.

Stream Buffer Planting Strategy — The County will coordinate with the Carroll County Soil
Conservation District and Friends of Carroll County Streams to seek opportunities for stream
buffer plantings in areas where inadequate stream buffer impairments were identified in the
SCAs.

Database Update Strategy — Carroll County will keep databases important to future watershed
assessments updated to help “monitor the progress of the implementation of BMPs, determine
the status of the number and types of protective measures (e.g., conservation easements)
implemented, and show up-to-date possible causes of degradation to the resource” (Carroll
County, 2003).

Establish Watershed Advisory Committees — The committees will be responsible for implementing
action strategies identified in the WRAS as well as future assessments and evaluations.

County Program Coordination Strategy — This action is intended to coordinate the various
development review agencies and processes within the county to provided more robust natural
resource protection.

Stream Corridor Assessments

Stream Corridor Assessments (SCAs) were conducted for selected streams in the Liberty Reservoir

watershed. The subwatersheds selected for SCAs include Cliffs Branch, Keyser Run, and Norris Run. The

assessments were conducted based on Maryland DNR’s SCA Survey Protocols, which were developed as

a tool for environmental managers to quickly identify environmental problems within a watershed’s

stream network (Yetman, 2001). This methodology presents a rapid field survey, rather than a detailed

scientific assessment, to better target monitoring, management, and conservation efforts on the

watershed and subwatershed scale. The following sections present a description of the SCA protocol

employed, an overview of the streams that were assessed, and general results for the Liberty Reservoir

watershed.
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3.6.1 Assessment Protocol

The SCA method is used to quickly assess the physical conditions and identify common environmental
problems in a stream corridor. The assessments were conducted in the fall of 2014 by two person field
crews from Parsons Brinckerhoff, NMP Engineering Consultants, Inc., and Coastal Resources, Inc. The
teams walked the subset of streams in the Liberty Reservoir watershed that were selected based on
accessibility, owner permission, and stream feature (single and double line streams). Following the SCA
method, each field crew looked for the following environmental problems during the assessment.

e Channel Alteration Sites (CA)

e Erosion Sites (ES)

e Exposed Pipes (EP)

e Fish Migration Barriers (FB)

e Inadequate Stream Buffers (IB)

e In or Near Stream Construction (IC)

e Pipe Outfalls (PO)

e Trash Dumping (TD)

e Unusual Conditions or Comments (UC)

Field teams walked the selected stream corridors while noting the location of the problem sites on field
maps and filling out the appropriate data forms at each site using a GPS handheld unit. Electronic field
forms were based on guidance provided in DNR’s SCA manual, with slight modifications made by
Baltimore County EPS for more efficient data collection and management. At least one photograph was
taken at each site to document the conditions observed. Each site was assigned a unique identification
number according to the map grid ID number, followed by a sequential site number, and two letters
representing the type of problem as shown in the list above. The map grid is based on a 200 scale grid
system used by Baltimore County for generating tabloid size field maps and assigning unique IDs to field
data items. For segments of erosion sites with similar characteristics observed multiple times along the
stream (for example, every outside bend over a 700 foot segment), the same site ID number was used for
each section.

SCA problem sites were rated on a scale of one to five indicating the severity of the problem from minor
to severe. Severity is a measure of how serious a problem site is compared to other problems within the
same category. The most severe problems are those with a direct impact on stream resources. The
severity ratings are intended to help prioritize potential restoration opportunities, ranging from a score
of 5 which represents a minor problem, to a score of 1 denoting the worst or most severe observed.

3.6.2 Summary of Sites Investigated

SCAs were conducted in the Cliffs Branch, Keyser Run, and Norris Run subwatersheds of the Liberty
Reservoir watershed. Streams assessed were determined using county GIS hydrology lines data along
single line and double line streams, disregarding other feature types such as intermittent streams and
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drainage connectors. Landowner permission was required by mail for all private properties located along
the proposed stream corridors. Stream corridors that were located on properties whose landowner
denied permission for an assessment or whose reaches could not be accessed were not included in the
SCAs. In addition, during the field assessment, it was determined that several tributaries of the proposed
stream corridors were ephemeral (intermittent) and did not show any signs of erosion; therefore they
were not assessed. Conversely, if a stream feature type was listed as intermittent in the GIS but was found
to be perennial in the field, it was assessed. Based on these criteria, a total of 23 miles of stream were
assessed, herein referred to as surveyed streams. Table 3-20 summarizes the total miles of surveyed
streams in each subwatershed.

Table 3-20: Surveyed Streams in Liberty Reservoir Watershed

Surveyed
Subwatershed Stream Miles
Cliffs Branch 11.1
Keyser Run 3.9
Norris Run 7.8
Total 22.8

Figure 3-6 shows the location of the SCA area and surveyed streams with respect to the overall Liberty
Reservoir watershed. Figure 3-7 shows the stream network within the SCA area, the streams actually
surveyed are shown in dark blue. This figure also shows plots of land where landowner permission was
denied and illustrates why certain stream segments could not be assessed.

As described previously, SCA problem sites were assigned unique identification numbers according to a
map grid ID number. Each site was numbered sequentially during the assessment. The map grid used for
the Liberty Reservoir SCAs is shown in Figure 3-7. The field teams walked stream segments by map
number. For example, the first SCA problem site located in Cliffs Branch within map number “031A2” was
an inadequate buffer site, and was numbered as 01-1B; the remaining sites were numbered consecutively
(regardless of type) along the remaining stream segments within the map (i.e. 02-ES, 03-ES, 04-UC, etc.).
This same numbering convention was implemented using the map grid within all three subwatersheds
assessed.
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Figure 3-6: Location of Surveyed Streams in Liberty Reservoir Watershed
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Figure 3-7: Liberty Reservoir SCA Survey Grid and Map Numbers
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3.6.3 General Findings

Along the 23 miles of stream assessed within the Liberty Reservoir watershed 597 potential environmental
problem sites were observed. The total number of problem sites observed within each subwatershed is
summarized in Table 3-21.

Table 3-21: Liberty Reservoir SCA Survey Results - Number of Potential Problems
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Cliffs Branch 54 198 9 35 7 1 19 14 337
Keyser Run 16 106 5 17 5 0 8 16 173
Norris Run 21 10 1 26 3 0 11 15 87
Total 91 314 15 78 15 1 38 45 597

Sites assessed as unusual conditions include field observations and may not necessarily reflect an
environmental problem. These conditions will be discussed in further detail in subsequent sections.
Erosion sites were the most frequent problem observed (314) followed by inadequate buffers (91) and
fish barriers (78). Exposed pipes were the least common potential problem. No in or near stream
construction was observed during the stream assessments. A summary of the lengths of channel
alterations, erosion sites, and inadequate buffers are summarized in Table 3-22 for the Liberty Reservoir
watershed. A description of each potential problem category is provided in the proceeding sections.

Table 3-22: Liberty Reservoir Subwatershed Survey Results — Length of Potential Problems

Length of Channel Length of Inadequate
Subwatershed Alteration (ft.) Length of Erosion (ft.) Buffer (ft.)
Cliffs Branch 351 17,734 26,463
Keyser Run 154 8,133 9,761
Norris Run 729 693 3,457
Total 1,234 26,561 39,680

Data collected in the field for the SCA are compiled in tables included in Appendix A.
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3.6.3.1 Inadequate Stream Buffers

Forested buffer areas along streams are important for improving water quality for flood mitigation as they
provide stream bank stabilization through their root systems, reduce the rate of surface runoff, supply
shade to streams, remove pollutants such as nutrients and sediments from runoff, and provide habitat
for various types of terrestrial and aquatic life, including fish. For the SCA, a stream buffer was considered
inadequate if it was less than 50 feet wide from the edge of either stream bank. Inadequate stream buffers
were observed in all three subwatersheds assessed. The field teams identified 91 inadequate buffer sites
with a total length of approximately 7.5 miles. This equates to approximately 33% of the total streams
surveyed having inadequate buffer on one or both stream banks.

The severity of inadequate stream buffers was rated according to length and width. The most severe rating
(very severe) of 1 would be given to inadequate buffer lengths with limited or no trees on either stream
bank and no evidence that a tree buffer is beginning to form for a significant length of stream. The existing
land use was also taken into consideration, such as pavement, lawn, agriculture, or shrubs and trees. The
highest inadequate buffer rating assigned in the three assessed subwatersheds was severe. Four of the
sites were in Cliffs Branch while Keyser Run and Norris Run each contained one severe rating. Two of the
sites are shown in Figure 3-8. Most sites were rated between moderate (3) and minor (5). Stream buffer
restoration potential depends on various factors such as accessibility, property ownership, and current
land use. Many of the more severe inadequate buffer sites in the watershed were due to land clearing up
to the stream banks for use as cropland or pasture leaving the stream completely unshaded.

Figure 3-8: Examples of Severe Inadequate Stream Buffer Locations in Cliffs Branch

Table 3-23 below summarizes the number of inadequate buffer sites associated with each severity rating.
The total length of inadequate buffer in each subwatershed and the percentage of surveyed streams
having inadequate buffer are also shown.
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Table 3-23: Liberty Reservoir SCA Survey Results - Inadequate Stream Buffers

SEVERITY RATING LENGTH
Very % of
Severe Surveyed
Subwatershed 1 mi Streams
Cliffs Branch 0 12 18 20 54 26,463 5.0 45.2%
Keyser Run 0 6 16 9,761 1.8 46.8%
Norris Run 0 4 12 21 3,457 0.7 8.4%
Total 0 21 26 38 91 39,680 | 7.5 32.9%

The majority of the inadequate buffer sites (59%) were located in Cliffs Branch subwatershed;
approximately 33% of all streams assessed were identified as having some sort of inadequate buffer.
Many of the inadequate buffers are due to cropland and pastures bordering stream segments or lawns as
seen in Figure 3-9. Approximately 93% of the inadequate buffer sites ranked between minor to moderate
in severity. Of the 94 sites, roughly 29% were reported as being unshaded on both banks; these conditions
can be detrimental to aquatic life as shade protects streams from excessive solar heating. The locations
of stream segments with inadequate buffers and their corresponding severity ratings are shown in Figure
3-10. Appendix A provides tables of inadequate buffer data ranked by severity for the Liberty Reservoir

watershed.

Figure 3-9: Example of Inadequate Buffer in Cliffs Branch Due to Lawn (Left) and Keyser Run Due to Cleared Pasture (Right)
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Figure 3-10: Inadequate Stream Buffer Locations in Liberty Reservoir SCA
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3.6.3.2 Erosion Sites

Stream bank erosion is a natural process necessary to maintain a healthy aquatic habitat. Conversely, too
much erosion can have the opposite effect on a stream system by destabilizing banks, destroying in-
stream habitat, and causing sediment pollution problems downstream. Significant erosion problems are
the result of changes to stream hydrology or sediment supply which is often attributed to land use changes
in a watershed (e.g., urbanization, increased impervious cover, clearing for cropland). This results in a
much greater in-stream flow rate during storm events and leads to eroded streambeds and banks.
Although streams in forested areas may have adequate 50 foot forest buffers, they can also experience
erosion problems due to these high flows from upstream.

Because erosion is a natural process, it was not the purpose of the SCA survey to identify every erosion
occurrence. Significant erosion sites were defined by vertical stream banks with exposed soil and overall
instability. The type of erosion, possible cause, adjacent land use, and whether there was a threat to
nearby infrastructure was noted for each erosion site.

Table 3-24 summarizes the number of erosion sites identified in the Liberty Reservoir subwatershed and
their severity rating. Appendix A provides tables of erosion site data ranked by severity for the Liberty
Reservoir watershed.

Table 3-24: Liberty Reservoir SCA Survey Results - Erosion Sites

SEVERITY RATING LENGTH*
Severc % of

Surveyed

Subwatershed 1 . i Streams

Cliffs Branch 2 6 18 39 132 198 17,734 3.4 30.3%

Keyser Run 0 2 49 47 106 8,133 1.5 39.0%

Norris Run 0 0 2 7 10 693 0.1 1.7%

Total 2 8 26 90 188 314 26,561 5.0 22.0%

*left and right banks are counted individually and stream length may overlap in some cases

Atotal of 314 erosion sites were documented. Erosion was the most documented problem identified from
the SCA surveys. The length of stream channel identified with erosion totaled 5 miles (although left and
right bank were summed individually and in some cases may overlap). During the Liberty Reservoir stream
assessments, the channel condition of erosion sites were classified as one of four stages, based on a
condensed version of the Channel Evolution Model (CEM): Stage |- Incision, Stage II- Widening, Stage IlI-
Deposition; and Stage IV- Recovery and Reconstruction. This classification helps identify the direction of
current trends in a stream channel and match restoration solutions to its current behavior. The channel
condition for nearly all of the erosion sites were either Stage | Incision (54.9%) or Stage Il Widening
(45.0%). Stage | Incision describes a channel that is downcutting, which liberates sediment and creates
unstable banks. Stage Il Widening often results in widespread bank failures as high flows undercut banks
because they can no longer access the floodplain; the most significant erosion hazard occurs during this
phase. Stage II- Widening is usually found at a meander bend and/or associated with steep slopes. Some
of this type of erosion could be described as a natural process. Both of the “very severe” erosion sites
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were classified as Stage I-Incision and were in first order or headwater tributaries. Streams in the incision
stage have the most potential for prolonged degradation and may contribute large amounts of sediment
downstream through the channel evolution process.

Figure 3-11 shows an example of a very severe and severe erosion site. The figure on the left is of site
031C2_09-ES a very severe erosion site near Old Hanover Road with eight foot vertical bank heights over
a 250 foot distance. The figure on the right is of site 039A1_02-ES, a severe erosion site in Cliffs Branch
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with nine foot vertical bank heights over a 70 foot distance. The very severe erosion site is incising, while
the severe erosion site is widening at a bend. The location of all erosion sites can be seen in Figure 3-12.

Figure 3-11: Example of a Very Severe Erosion Site (Left) and a Severe Erosion Site (Right) both located in Cliffs Branch
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Figure 3-12: Location of Erosion Sites in the Liberty Reservoir Watershed
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3.6.3.3 Fish Migration Barriers

Fish migration barriers refer to anything in the stream that significantly interferes with the upstream
movement of fish. Unobstructed upstream movement is important for various species of fish that move
up and downstream during different cycles of their life such as spawning. Fish barriers can reduce the fish
population and diversity in stream sections. These barriers include manmade structures such as dams or
roadway culverts and natural features such as waterfalls or debris jams. Three main problems regarding
fish barriers were evaluated when identifying blockages: 1) vertical drop is too high (>6 inches) for fish to
swim over; 2) water depth is too shallow such as when water is spread over a large area at channelized
sections or road crossings; and 3) water is moving too fast such as when a steep culvert pipe is discharging
high velocity flow. The variety of barrier is also noted, including man-made dam, debris dam, road or pipe
crossing, natural falls, beaver dam, pond, or other causes.

The severity of the barrier was rated based on location in the stream network and whether the blockage
was total, partial, or temporary. A fish migration barrier was considered very severe when a structure
completely blocked a large stream. A minor rating was assigned to temporary and/or natural fish barriers
that blocks little in-stream habitat. Locations of fish migration barrier sites are shown on Figure 3-22
through Figure 3-24. Table 3-25 summarizes the number of fish migration barrier sites identified in the
Liberty Reservoir watershed and their severity rating. Appendix A provides tables of fish migration barrier
site data ranked by severity for the Liberty Reservoir watershed.

Table 3-25: Liberty Reservoir SCA Survey Results - Fish Passage Barriers

SEVERITY RATING

Very
Severe
Subwatershed 1
Cliffs Branch 0 1 6 8 20 35
Keyser Run 1 2 6 3 5 17
Norris Run 0 1 4 9 12 26
Total 1 4 16 20 37 78

Figure 3-13 shows a very severe and severe road crossing fish barrier where the drop between the culvert
and the natural channel is too high for the fish to pass and/or too shallow. Figure 3-14 shows two naturally
occurring fish migration barrier sites due to natural falls that are too high and too fast for fish to pass
through. In all cases, the location of the fish barrier within the subwatershed has an impact on the severity
rating.
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Figure 3-13: Example of a Very Severe Road Crossing Fish Barrier in Keyser Run (Left) and Moderate Road Crossing Fish Barrier
in Norris Run (Right)

Figure 3-14: Examples of Low Severity (Left) and Moderate (Right) Natural Falls Fish Barriers in Keyser Run

3.6.3.4 Pipe Outfalls and Exposed Pipes

Pipe outfalls include pipes or small manmade channels that discharge into the stream. They are
considered a potential environmental problem because they can carry uncontrolled runoff and pollutants
such as oil, heavy metals, and nutrients into a stream system. Pipe outfalls can also create significant
erosion problems as high flows without proper velocity dissipation can lead to extensive erosion and scour
in the receiving channel; separate erosion sites were also documented if necessary at pipe outfall
locations. The severity rating for a pipe outfall was primarily based on the discharge including whether
discharge was present, color, odor, amount, and downstream impacts (not including erosion, which was
assessed separately).

A total of 15 pipe outfalls were surveyed during the SCAs in Liberty Reservoir (Table 3-26). The highest
severity rating for pipe outfalls was moderate, shown in Figure 3-15.
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Table 3-26: Liberty Reservoir SCA Survey Results - Pipe Outfalls

Very
Severe
Subwatershed 1
Cliffs Branch 0 0 1 3 3 7
Keyser Run 0 0 1 0 4 5
Norris Run 0 0 0 2 1 3
Total 0 0 2 5 8 15

Figure 3-15: Moderate Pipe Outfalls with Active Discharge

Exposed pipes were also assessed and include any pipes that are in the stream or along the stream’s
immediate banks that could be damaged by a high flow event. Exposed pipes include manhole stacks,
pipes exposed along the stream banks or under the stream bed, and pipes built over a stream but that are
low enough to be affected by frequent high storm flows. These pipes can be vulnerable to puncture by
debris in the stream and pose a threat to water quality depending on the contents within the pipe.

Only one exposed pipe was observed during the Liberty Reservoir SCAs (Table 3-27). The exposed pipe in
Cliffs Branch had an unknown use, was found running perpendicular with the stream, and was completely
exposed across the entire bottom width of the channel with a high risk of puncture (Figure 3-16).
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Table 3-27: Liberty Reservoir SCA Survey Results - Exposed Pipes

Very
Severe
Subwatershed 1
Cliffs Branch 0 0 1 0 0 1
Keyser Run 0 0 0 0 0 0
Norris Run 0 0 0 0 0 0
Total 0 0 1 0 0 1

Figure 3-16: An Exposed Pipe in Cliffs Branch with Moderate Severity

3.6.3.5 Channel Alterations

Channel alterations refer to significantly altered channel or stream banks from their naturally occurring
structure or condition. This includes channelized stream sections where a stream channel has been
straightened, widened, deepened, or lined with concrete or rock. This can increase flow rates and
decrease habitat and nutrient uptake in the waterway.

Channelized streams are typically intended to convey more water and to prevent flooding but often create
adverse environmental impacts such as impairing habitat and increasing water temperature. Table 3-28
summarizes the number and length of channel alteration sites in each subwatershed and their associated
severity rating. Locations of channel alteration sites are shown on Figure 3-22 through Figure 3-24.
Appendix A provides tables of channel alterations site data ranked by severity for the Liberty Reservoir
watershed.
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Table 3-28: Liberty Reservoir SCA Survey Results - Channel Alterations

SEVERITY RATING LENGTH

S % of
evere Surveyed
Subwatershed 1 . 1 Streams
Cliffs Branch 0 0 4 7 8 19 351 0.07 0.6%
Keyser Run 0 0 1 5 8 154 0.03 0.7%
Norris Run 0 0 5 2 4 11 729 0.14 1.8%
Total 0 0 11 10 17 38 1,234 0.2 1.0%

A total of 38 channel alteration sites were documented during the survey for a total length of 1,234 feet
or 1.0% of the entire stream lengths surveyed. Moderate channel alterations were the highest ranking for
the Liberty Reservoir watershed. The remaining sites inventoried for channel alterations, ranked either
low severity or minor. Multiple channel alterations consist of a segment of stream that has been converted
to a private roadway, either by creating a ford for the road to pass through the stream or putting the
stream through a culvert for the road to pass above the stream (Figure 3-17, left). Another common type
of channel alteration observed throughout the Liberty Reservoir watershed was boulder structures and
riprap placed along banks for stabilization (Figure 3-17). The channel alteration sections identified in the
Liberty Reservoir watershed consist of relatively short stream lengths and would not represent major
opportunity for water quality improvements. Many channel alterations are expensive and challenging to
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correct. Channel alterations were not identified as a significant issue impacting water quality or stream
health in the Liberty Reservoir watershed based on the results of the SCA surveys.

Figure 3-17: Examples of two moderate Channel Alteration for the creation of private roads either by piping the stream as
shown in Cliffs Branch (Left) or by creating a ford to pass through the stream as shown in Keyser Run (Right)

Figure 3-18: Example of Channel Alteration due to Rip-Rap in Cliffs Branch (Left) and a Sand Bag Dike in Norris Run (Right)

3.6.3.6 Trash Dumping

Trash dumping sites are locations where large amounts of trash are inside the stream corridor; either as
a site of deliberate dumping or as a place where trash tends to accumulate (often as a result of wind or
storm drainage). Identifying trash dumping sites serves two main purposes: 1) to limit access to the areas
of the stream corridor where dumping and accumulation is a problem and 2) to encourage volunteer
stream clean-ups which promote community involvement and raises awareness among the community
of the condition of their local streams. Site severity was based on amount of trash (estimated in terms of
pick-up truck loads), type of trash, and potential impact on the stream. The type of trash was classified
under the following: residential, industrial, yard waste, floatables, tires, construction, or other. Table 3-29
summarizes the number of trash dumping sites in each subwatershed and their associated severity rating.
A total of 15 trash dumping sites were observed throughout the three subwatersheds assessed. Figure
3-19 shows the examples of trash dumping sites. The site on the left was given a severe ranking with a
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mixture of tires, construction, and household waste while the site on the right received a moderate
ranking and consisted of construction materials along the stream banks.

Table 3-29: Liberty Reservoir SCA Survey Results - Trash Dumping

Very
Severe
Subwatershed 1
Cliffs Branch 0 1 2 3 3
Keyser Run 0 0 0 2 3 5
Norris Run 0 0 0 1 0 1
Total 0 1 2 6 6 15

Figure 3-19: Examples of Severe (Left) and Moderate (Right) Trash Dumping Sites in Cliffs Branch

3.6.3.7 Unusual Condition or Comments

Unusual conditions and comments were used to document the location of anything out of the ordinary or
to identify and describe a specific problem observed in the field. An unusual condition was ranked as very
severe if the potential problem was considered to have a possible direct and wide-reaching impact on the
stream’s aquatic resources and rated as minor if it was considered to have no significant impact on aquatic
resources.

Table 3-30 summarizes the number of unusual conditions sites and their severity rating. Only three severe
unusual conditions were observed; the remaining 33 unusual conditions were rated moderate or below.
Examples of some of the unusual conditions observed are shown in Figure 3-20. One common unusual
condition was the presence of all-terrain vehicle (ATV) trails that crossed the streams. Locations of unusual
conditions sites are shown on Figure 3-22 through Figure 3-24. Appendix A provides tables of unusual
conditions site data ranked by severity for the Liberty Reservoir watershed.

Table 3-30: Liberty Reservoir SCA Survey Results - Unusual Conditions

SEVERITY RATING
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Very
Severe
Subwatershed 1
Cliffs Branch 0 0 1 2 10 13
Keyser Run 0 1 1 5 6 13
Norris Run 0 2 2 1 5 10
Total 0 3 4 8 21 36

Figure 3-20: Examples of Unusual Conditions — Remnant dam structure with a stream bypass in Norris Run (Left) and ATV trail
stream crossing in Keyser Run (Right)

Table 3-31 summarizes the number of sites with comments and their severity rating. One comment site
was rated moderate and was the highest rating given; the remaining eight sites were low severity and
minor rankings. A couple of examples of unusual comments are shown in Figure 3-21. Locations of sites
with comments are shown on Figure 3-22 through Figure 3-24. Appendix A provides tables of comment
site data ranked by severity for the Liberty Reservoir watershed.

Table 3-31: Liberty Reservoir SCA Survey Results — Comments

SEVERITY RATING

Subwatershed
Cliffs Branch 0 0 0 0 1 1
Keyser Run 0 0 0 1 2 3
Norris Run 0 0 1 2 2 5
Total 0 0 1 3 5 9
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Figure 3-21: Examples of Comments — Debris Jam Upstream of Box Culvert (Left) and a mint patch growing in the middle of the
channel (Right)
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Figure 3-22: Location of Other SCA Problem Sites in the Liberty Reservoir Watershed: Key Map
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Figure 3-23: Location of Other SCA Problem Sites in Liberty Reservoir: Map A
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Figure 3-24: Location of Other SCA Problem Sites in Liberty Reservoir: Map B
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3.7 Sewer Overflow Impacts
At present, Sanitary Sewer Overflows (SSOs) and combined sewer overflows (CSOs) are inevitable
byproducts of the expanding population and aging sewer systems. Sewer overflows can be caused by

various factors such as severe weather, insufficient maintenance, pumping station equipment
malfunction, electrical outage, sewer line breaks, improper disposal of fats and grease, and vandalism.
Raw sewage can enter nearby streams when flows exceed the sanitary sewer system’s capacity or if the
infrastructure fails. USEPA reports that there are at least 23,000 - 75,000 incidents per year (not including
sewage backups into buildings). Environmental and human health consequences of these overflows can
be serious. E. coli bacteria and other pathogens are typically present in raw sewage and can pose health
risks to individuals who may come into contact with contaminated water. Sewer overflows can also
contain high levels of nutrients (nitrogen and phosphorus) which are toxic to aquatic life and can lead to
depletion of oxygen in waterways. High levels of sediment are also present in sewer overflows, which can
clog streams and block sunlight from reaching essential aquatic plants.

In September 2005, USEPA and MDE issued a consent decree to Baltimore County with deadlines to
reduce and eliminate sanitary sewer overflows. Implementation of work in compliance with the consent
decree, such as capital projects, equipment upgrades, and operations improvements, will reduce nutrients
and bacteria entering streams in the Liberty Reservoir watershed. However, this may not address all
impacts associated with the sanitary sewer system since the consent decree only targets overflows. For
example, leaks that are not associated with an overflow may occur in the sanitary sewer system.
Depending on the location of the leaks, which are typically at joints, there may still be adverse impacts to
the stream system from the sanitary sewer system.

The number of SSO events documented in the Liberty Reservoir watershed and approximate volume
discharged between 2000 and 2013 are summarized in Table 3-32 and based on Baltimore County’s SSO
spatial data. Table 3-32 also summarizes the estimated pollutant loads associated during this 14-year
period.

Table 3-32: Sanitary Sewer Overflow Volumes and Pollutant Loads in Liberty Reservoir (2000-2013)

Volume of
# of SSO Overflow TN TP
Subwatershed Year Events (gal) (Ibs.) (Ibs.)
Keyser Run 2004 1 700 0.174 0.058 | 1.68E+11
Keyser Run 2004 1 50 0.012 0.004 1.2E+10
Total 2 750 0.187 0.062 1.8E+11

Pollutant load estimates were calculated based on the following assumptions:

e Total Phosphorus (TP): A conversion factor of 8.3 x 10° was used to convert gallons of overflow
to pounds of pollutant. This is based on a 10 mg/L TP concentration for raw sewage and a
multiplier of 8.3 x 10 Ib-L/mg-gal.
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e Total Nitrogen (TN): A conversion factor of 2.5 x 10 was used to convert gallons of overflow to
pounds of pollutant. This is based on a 30 mg/L TN concentration for raw sewage and a multiplier
of 8.3 x 10°® Ib-L/mg-gal.

e Fecal Coliform (FC): A conversion factor of 2.4 x 108 was used to convert gallons of overflow to
MPN fecal coliform. This is based on a multiplier of 6.4 x 10 MPN/100 mL.

Figure 3-25 shows the location of SSO events reported during 2000 to 2013 in the Liberty Reservoir
watershed. Both incidents have been documented in the Keyser Run subwatershed. The largest
overflow volume was 700 gallons. Both of these areas have the potential for follow-up inspection and
addressing SSO problems.
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Figure 3-25: Sanitary Sewer Overflow Locations in Liberty Reservoir
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CHAPTER 4: UPLANDS ASSESSMENT

4.1 Introduction

Upland areas were assessed according to the Unified Subwatershed and Site Reconnaissance (USSR)
Manual developed by the Center for Watershed Protection (CWP) to identify potential pollution sources
influencing water quality and to evaluate restoration project opportunities (CWP, 2005). The USSR manual
is the last manual in a series of 11 regarding techniques for restoring urban watersheds. It provides
detailed guidance for field survey techniques and was developed to help watershed groups, municipal
staff, and consultants to quickly identify major stormwater pollution sources and assess subwatershed
restoration potential for source controls, pervious area management, and improved municipal
maintenance such as education, retrofits, street sweeping, inlet cleaning, and open space management.
Upland areas within the Liberty Reservoir watershed were assessed by Parsons Brinckerhoff and NMP
Engineering, Inc.

The field survey of upland areas in the Liberty Reservoir watershed included four major components:

e Neighborhood Source Assessment (NSA)
e Hotspot Site Investigation (HSI)

e Institutional Site Investigation (ISI)

e Pervious Area Assessment (PAA)

Each of the above components is described in detail in the following sections.

4.2 Neighborhood Source Assessment (NSA)

NSAs describe pollution source areas, stewardship behaviors, and restoration opportunities within
individual neighborhoods. Each neighborhood has unique characteristics which determine the ability to
implement restoration projects, source controls, and stewardship practices. The sections below describe
the methods used to delineate and assess individual neighborhoods in the Liberty Reservoir watershed.

4.2.1 Assessment Protocol

Prior to conducting NSAs in the field, neighborhoods were delineated using Geographic Information
Systems (GIS) data such as tax parcels, historical development information, and aerial photography
provided by Baltimore County Office of Information Technology (OIT). A neighborhood was delineated
based on a group of homes with similar characteristics including lot sizes, setbacks, year houses were
built, and house types (apartment complex, row homes, single family detached, etc.) Neighborhoods
defined in the office using available information were verified in the field. Adjustments were made as
necessary in the field to group similar neighborhoods or separate dissimilar neighborhoods.

Unique ID numbers were assigned to NSAs using the classification scheme “NSA_S 1000”, where ‘S’
denotes the Liberty Reservoir watershed and the first two digits correspond to a specific subwatershed.
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Subwatersheds were assigned unique numbers summarized in Table 4-1 for the purposes of NSAs, HSls,
and ISls.

Table 4-1: Subwatershed ID Numbers

ID Subwatershed
01 Board-Aspen Run
02 Cliffs Branch
03 Glen Falls Run
04 Liberty Reservoir-B
05 Keyser Run
06 Liberty Reservoir-E
07 Norris Run
08 Liberty Reservoir-C
09 Timber Run
10 Cooks Branch
11 Liberty Reservoir-F
12 Chimney Branch
13 Liberty Reservoir-A
14 Locust Run

The field team drove through every street in a defined neighborhood to identify potential pollution
sources and restoration opportunities. To standardize the NSA process and be able to prioritize potential
restoration efforts, data was collected in each neighborhood for four main source areas: yards and lawns;
driveways, sidewalks, and curbs; rooftop runoff; and common areas. These are each described briefly
below.

Yards and Lawns

Yards and lawns typically represent a significant portion of the pervious cover in a neighborhood and
therefore can be a major source of nutrients, pesticides, sediment, and runoff. Maintenance behaviors
tend to be similar within individual neighborhoods and certain activities can impact subwatershed quality
such as fertilization, pesticide use, water use, landscaping, and waste management. Potential pollution
sources evaluated under the yards and lawns category include grass cover and management status
(fertilization and irrigation methods), bare soil, swimming pools, and junk or trash. The field team also
identified the proportions of impervious cover, grass cover, landscaping, and bare soil within each
neighborhood. The amount of existing tree cover and landscaping was then compared to the other cover
types to evaluate potential for increasing these features and providing water quality benefits through
interception and filtration of stormwater runoff.

Driveways, Sidewalks, and Curbs

Driveways, sidewalks, and curbs are common in neighborhoods and convey runoff to a storm drain system
or directly into stream channels. Activities such as car washing, de-icing, and improper chemical storage
can contribute pollutants such as nutrients, oil, sediment, and chlorides, into the storm drain system and
stream channels. While assessing neighborhoods, data was collected for potential pollution sources
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including: pet waste (source of bacteria); long-term car parking (unused old cars with potential to leak
chemicals, oil, and/or grease); and amount of sediment, organic matter, and/or trash present along curbs.
Potential for street tree planting and street sweeping was also evaluated based on some of these factors.

Rooftops

Rooftop runoff is another contributor to stormwater runoff and pollutants in neighborhoods. Downspout
retrofits can help reduce runoff and pollutants introduced to local streams. The field team identified
whether downspouts discharged rooftop runoff to pervious areas, rain barrels, impervious surfaces
(driveways, street), and/or directly to the storm drain system and the proportion of each within a
neighborhood. The potential for disconnecting and redirecting downspouts from impervious surface or
the storm drain system was also evaluated.

Common Areas

Common areas such as community parks (homeowners open space and/or local open space) and parking
lots are good opportunities to observe community behaviors such as pet waste disposal, stormwater
management, storm drain marking, and how natural areas or buffers are managed. Good maintenance of
these areas indicates that residents or a homeowner’s association are active in caring for the
neighborhood and may represent opportunities for restoration projects. Data was collected on the
condition of storm drain inlets (whether they were clean or filled with debris) and presence of pet waste
or dumping in common areas to identify potential pollution sources in a neighborhood. The potential for
storm drain marking, stormwater management practices, and stream buffer planting was also evaluated.

Other NSA Information

In addition to these four source areas, basic information was collected in individual neighborhoods to help
rate restoration potential. This information included lot size, house types, and whether a homeowners’
association exists for the community. Presence of sewer service was also identified for additional potential
pollution sources. After surveying the entire neighborhood and completing the basic information and four
major source area sections, any major pollutants that are potentially being generated by the
neighborhood are indicated on the field form in the following categories: nutrients; oil and grease;
trash/litter; bacteria; and sediment. For example, if a neighborhood had several long-term parked
vehicles, oil and grease would be flagged as a potential major pollutant being generated in that
neighborhood. The presence of trash in yards, dumping in common areas, or overflowing/uncovered
dumpsters would be a significant indicator for trash/litter generated in a neighborhood. Sediment was
flagged as a major pollutant source if erosion or bare soil was observed, and/or a considerable portion of
the curb and gutters were covered with sediment.

Recommended Actions

After evaluation of an entire neighborhood, specific actions were recommended for neighborhood
restoration or retrofits based on initial field observations. Recommended actions included in the Liberty
Reservoir watershed NSAs included:
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e Downspout disconnection

e Fertilizer reduction

e Bayscaping

e Storm drain marking

e Street tree and shade tree planting
e Lot canopy improvement

e Street sweeping

e Trash management

The last step of the NSA involved rating the overall neighborhood pollution severity and restoration
potential. The severity of pollution generated by a neighborhood is denoted by the Pollution Severity
Index (PSI) based on benchmarks and scoring system in the USSR manual. An NSA PSI is rated as severe,
high, moderate, or none. A neighborhood’s potential for residential restoration projects is rated as high,
moderate, or low according to the Restoration Opportunity Index (ROI). The USSR also provides
benchmarks and guidelines to establish NSA ROI ratings.

4.2.2 Summary of Sites Investigated

A total of 32 neighborhoods were assessed throughout the Liberty Reservoir watershed (see Figure 4-1).
The number of neighborhoods within each subwatershed is summarized in Table 4-2. Some
neighborhoods may overlap multiple subwatersheds; in this case, the neighborhood is counted once for
each subwatershed in which it falls. Analyses of acres of land or miles of road addressed by recommended
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actions, however, are based on the actual proportion of the neighborhood that falls within each
watershed. This is explained further in subsequent sections.
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Figure 4-1: Locations of NSAs in the Liberty Reservoir Watershed
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Table 4-2: Neighborhoods Surveyed per Subwatershed

Subwatershed # of NSAs

Board-Aspen Run
Cliffs Branch
Glen Falls Run

Liberty Reservoir-B

Keyser Run

Ll N2 TN VST ) TN S T Y )

Liberty Reservoir-E
Norris Run 10

Liberty Reservoir-C

Timber Run

Cooks Branch

Liberty Reservoir-F

Chimney Branch

Liberty Reservoir-A

W |~ [P W w| Ut N

Locust Run

Of the neighborhoods assessed, none were rated as having both a high PSI, meaning evidence of a high
degree of pollution in the neighborhood, and a high ROI, meaning a high capacity for restoration projects
within the neighborhood. Overall, three neighborhoods were rated as having high PSI and 15
neighborhoods were considered to have moderate PSI. Nine neighborhoods were considered as having
high ROI; and 15 neighborhoods were rated as having moderate ROI. The remaining neighborhoods had
either a low PSI or ROI rating. Of the neighborhoods with high PSI or ROI ratings, two were rated as having
high PSI and moderate ROI while six neighborhoods were considered as having moderate PSI and high
ROI. These eight neighborhoods represent the best areas to target for restoration initially. The distribution
of PSI and ROI ratings among the Liberty Reservoir NSAs are shown in Figure 4-2.
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Figure 4-2: NSA Pollution Severity and Restoration Opportunity Indices in the Liberty Reservoir Watershed
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4.2.3 General Findings

The following subsections describe the actions recommended based on evaluation of the NSAs. This
includes an explanation of the methodologies and criteria used to evaluate the potential for
recommended actions, as well as results expected if these actions were applied. Figures showing general
locations of NSAs recommended for specific actions are included in each subsection. Due to the rural
nature and low level of development in the Liberty Reservoir watershed, actions such as impervious
retrofit, street sweeping, and trash management identified in other Small Watershed Action Plans
(SWAPs) were not as prevalent as previously examined watersheds. Appendix B includes a summary of
NSA data collected and recommended actions by individual neighborhoods. Calculations supporting
estimates of results for recommended actions are included in Appendix C.

4.2.3.1 Downspout Disconnection

Rooftop runoff is managed via downspouts which are classified as either connected or disconnected.
Directly connected downspouts extend underground, discharging directly to the storm drain system
without treatment. Indirectly connected downspouts drain to impervious surfaces, such as paved
driveways, sidewalks, or curb and gutter systems with little or no treatment. Disconnected downspouts
allow rooftop runoff to infiltrate into the ground and enter streams through the groundwater system in a
slower more natural fashion. Downspout disconnection is desirable because it decreases flow to local
streams during storm events, helping prevent erosion and reducing pollutant loads to streams.
Disconnection involves redirecting connected downspouts from the storm drain system or impervious
areas onto pervious areas such as lawns. This requires a minimum of 15 feet of pervious area down
gradient from the downspout for filtration to occur. Rain barrels and rain gardens are alternative
disconnection options. Rain barrels can be used to store rooftop runoff for irrigation if there is limited
pervious area for disconnection. Rain gardens are a disconnection option if several hundred square feet
of lawn area is available down gradient of the downspout. In the event a downspout is directed onto an
impervious area that drains to a pervious area, for example a driveway that slopes towards the lawn, the
downspout was considered disconnected.

Downspout redirection is recommended for neighborhoods where at least 25% of downspouts are directly
connected to storm drains or indirectly connected to impervious area with at least 15 feet of pervious
area available down gradient of the connected downspout for redirection. Table 4-3 includes a summary
of the number of neighborhoods recommended for downspout redirection and the acres of rooftop
addressed if downspout redirection were implemented by subwatershed. Table 4-3 also lists the percent
of total impervious rooftop area in each subwatershed that would be addressed if downspout redirection
were implemented; total impervious rooftop area per subwatershed was calculated using 2008 buildings
spatial data provided by Baltimore County OIT.
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Table 4-3: Rooftop Acres Addressed by Downspout Redirection

# of NSAs
Recommended for % of Subwatershed

Downspout Rooftop Acres Rooftop Area
Subwatershed Redirection* Addressed Addressed

Board-Aspen Run 0 0.00 0.0%
Cliffs Branch 0 0.00 0.0%
Glen Falls Run 1 0.51 5.1%
Liberty Reservoir-B 0 0.00 0.0%
Keyser Run 1 0.96 15.2%
Liberty Reservoir-E 0 0.00 0.0%
Norris Run 2 2.84 18.5%
Liberty Reservoir-C 0 0.00 0.0%
Timber Run 0 0.00 0.0%
Cooks Branch 0 0.00 0.0%
Liberty Reservoir-F 0 0.00 0.0%
Chimney Branch 0 0.00 0.0%
Liberty Reservoir-A 0 0.00 0.0%
Locust Run 0 0.00 0.0%
Liberty Reservoir Total 4 4.31 7.1%

*If a neighborhood overlaps multiple subwatersheds, it is counted for each watershed it encompasses.

Figure 4-3 illustrates the location of neighborhoods recommended for downspout redirection. Out of the
32 neighborhoods assessed, 3 have the potential for downspout disconnection through redirection (one
of the recommended NSAs intersects two subwatersheds). If implemented, the redirection could address
approximately 7% of the total impervious rooftop area in the Liberty Reservoir watershed. Downspout
disconnection was not evaluated at eight NSAs in the watershed as the majority of the downspouts in
these neighborhoods could not be seen from the road due to bayscaping practices or houses set back
from the road on large lots. In cases where downspouts were not visible due to rural conditions, it is
unlikely that the downspouts could be connected to the storm drain system.
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Figure 4-3: Neighborhoods Recommended for Downspout Disconnection
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4.2.3.2 Bayscaping

Bayscaping refers to the use of plants native to the Chesapeake Bay watershed for landscaping. When
plants are native to a region, they require less irrigation, fertilizers, and pesticides to maintain as
compared to non-native or exotic plants. This results in fewer chemical pollutants and lawn maintenance
requirements. Bayscaping is also beneficial to wildlife.

Typically, all neighborhoods could use more bayscaping; however, the benefits and feasibility of this action
are limited by the space available for landscaping. Bayscaping was identified for implementation in
neighborhoods where the lots were at least % acre in size, where less than 10 percent of the lots were
already landscaped, and where there was sufficient open grass area available for implementation. Table
4-4 includes a summary by subwatershed of the number of neighborhoods recommended for bayscaping
based on these criteria and the area of available lawn addressed if this action were initiated. If a
neighborhood overlaps more than one subwatershed, the neighborhood is counted within each
watershed it encompasses. Table 4-4 also lists the percent of the total subwatershed area that would be
addressed by implementing bayscaping in the recommended neighborhoods.

Table 4-4: Acres of Land Addressed by Bayscaping

# of NSAs Acres of
Recommended Land % of Subwatershed
Subwatershed for Bayscaping* Addressed Area Addressed

Board-Aspen Run 1 12.2 1.6%
Cliffs Branch 3 55.4 1.8%
Glen Falls Run 6 181.6 8.8%
Liberty Reservoir-B 3 44.8 7.0%
Keyser Run 6 57.1 20.4%
Liberty Reservoir-E 1 7.2 0.7%
Norris Run 10 132.2 7.4%
Liberty Reservoir-C 2 59.4 15.2%
Timber Run 5 82.1 8.8%
Cooks Branch 3 68.8 8.8%
Liberty Reservoir-F 3 115.4 5.7%
Chimney Branch 1 35.4 8.1%
Liberty Reservoir-A 1 50.5 6.4%
Locust Run 3 40.2 2.8%
Liberty Reservoir Total 48 942.2 5.7%

*If a neighborhood overlaps multiple subwatersheds, it is counted for each watershed it encompasses.

Figure 4-4 illustrates the location of neighborhoods recommended for bayscaping. All of the 32
neighborhoods assessed met the criteria and were recommended for bayscaping. Many of the homes
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within the watershed have large lots and high percentages of lawn. Table 4-4 shows that approximately
942 acres or 5.7% of the total watershed could be addressed through bayscaping.

144



Liberty Reservoir (Area S) Parsons Brinckerhoff
Watershed Characterization March 2015

Figure 4-4: Neighborhoods Recommended for Bayscaping
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4.2.3.3 Fertilizer Reduction and Education

Lawn maintenance activities often involve over-fertilization, poor pest-management, and over-watering.
Lawns with a dense, uniform grass cover or signs designating application of lawn chemicals indicate high
lawn maintenance activities. The result is often polluted stormwater runoff that drains to local streams.
Neighborhood lawn care assessment was conducted in the spring.

Neighborhoods where 20 percent or more of the homes employ high lawn maintenance practices are
identified for fertilizer reduction and education programs. Table 4-5 summarizes the total number of
neighborhoods identified for fertilizer reduction and the acres of lawn addressed if this were
implemented. The acres of lawn addressed are based on the percentage of high maintenance lawns
present in each neighborhood for which fertilizer reduction is identified. The area treated in each
neighborhood is based on the amount of lawn area. The average percentage of grass cover on each lot is
estimated during the NSA, as well as the percentage of high maintenance lawns in the neighborhood area.

Table 4-5: Acres of Lawn Addressed by Fertilizer Reduction

# of NSAs
Recommended for Acres of Land % of Subwatershed
Subwatershed Fertilizer Reduction* Addressed Area Addressed
Board-Aspen Run 0 0.0 0.00%
Cliffs Branch 1 23.1 0.73%
Glen Falls Run 1 22.8 1.11%
Liberty Reservoir-B 1 6.7 1.04%
Keyser Run 1 0.9 0.30%
Liberty Reservoir-E 0 0.0 0.00%
Norris Run 1 18.9 1.06%
Liberty Reservoir-C 1 0.5 0.13%
Timber Run 2 21.0 2.25%
Cooks Branch 1 12.2 1.55%
Liberty Reservoir-F 0 0.0 0.00%
Chimney Branch 0 0.0 0.00%
Liberty Reservoir-A 0 0.0 0.00%
Locust Run 0 0.0 0.00%
Liberty Reservoir Total 9 105.9 0.64%

* If a neighborhood overlaps multiple subwatersheds, it is counted for each subwatershed it encompasses

Of the 32 neighborhoods assessed, 5 were identified for fertilizer reduction based on high percentages of
high maintenance lawn (three of the recommended NSAs intersects two or more subwatersheds).
However, implementation of fertilizer reduction/education will only address approximately 0.6% of the
total watershed. Many of the large, grass lawns were classified as medium maintenance. These
neighborhoods may also be a significant target for fertilizer reduction and education. Figure 4-5 shows
the neighborhoods in the Liberty Reservoir watershed with high lawn maintenance.
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Figure 4-5: Percentage of High Maintenance Lawns in Neighborhoods
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4.2.3.4 Storm Drain Marking

Of the assessed neighborhoods in the Liberty Reservoir watershed, 19 have a storm drain system with
inlets. All 19 NSAs also have roads with curb and gutter systems that convey stormwater runoff quickly
and directly to the stream system and ultimately to the Liberty Reservoir. The majority of the
neighborhoods with inlets do not have storm drain markings nor indicate that the inlets eventually drain
to the Liberty Reservoir. These markings are a way to educate residents that anything collecting along the
curbs and gutters such as trash and lawn clippings (potential for nutrient pollution) will be washed away
after a storm event and end up in the nearest stream and eventually the Liberty Reservoir.

Neighborhoods recommended for storm drain marking have storm drain systems with inlets appropriate
for marking and where less than 10 percent of the existing inlets were already marked and legible. Table
4-6 includes a summary of the number of neighborhoods recommended for storm drain marking and the
number of inlets addressed if this action were initiated by subwatershed. The number of inlets addressed
is estimated based on the total number of inlets observed per NSA during the uplands assessments. Table
4-6 also lists the percent of the total neighborhood inlets in each subwatershed that would be addressed
if storm drain marking was implemented in the recommended neighborhoods. This value was calculated
based on the total inlets observed in neighborhoods assessed in the Liberty Reservoir watershed during
the uplands assessment.

Table 4-6: Number of Inlets Addressed by Storm Drain Marking

# of NSAs
Recommended Approximate # % of Inlets in
for Storm Drain of Inlets Subwatershed
Subwatershed Marking* Addressed** Addressed

Board-Aspen Run 0 0.0%
Cliffs Branch 0 0.0%
Glen Falls Run 4 26 72.2%
Liberty Reservoir-B 3 10 100.0%
Keyser Run 2 23.3%
Liberty Reservoir-E 0 0 0.0%
Norris Run 3 11 15.1%
Liberty Reservoir-C 1 0 0.0%
Timber Run 3 19.2%
Cooks Branch 0 0 0.0%
Liberty Reservoir-F 1 14 93.3%
Chimney Branch 0 0.0%
Liberty Reservoir-A 1 100.0%
Locust Run 1 100.0%
Liberty Reservoir Total 19 78 30.6%

*|f a neighborhood overlaps multiple subwatersheds, it is counted for each subwatershed it encompasses
**pased on the total number of inlets observed in neighborhoods during the upland assessments
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Of the 32 neighborhoods assessed, 11 (34%) met the criteria for storm drain marking. Figure 4-6 shows
the neighborhoods in the Liberty Reservoir watershed recommended for storm drain marking.
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Figure 4-6: Neighborhoods Recommended for Storm Drain Marking
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4.2.3.5 Street Trees and Shade Trees

Street trees and shade trees are not only an asset to a neighborhood aesthetically, but they also provide
air and water quality improvement as they intercept precipitation with their leaves and absorb
precipitation and nutrients through their root systems. Infiltration of precipitation through leaves or the
root systems slows surface flow rates and provides some treatment before storm water reaches the
stream system.

The criteria for recommending street trees includes neighborhoods with a minimum of four feet of green
space between the sidewalk and curb with less than 75% of these areas already having trees. Only six
assessed neighborhoods had sidewalks, and none of them met the criteria for street trees. Open space
shade trees were recommended for open pervious areas in neighborhoods where the space had no
apparent current use. The number of open space shade trees was estimated based on spacing of
approximately 100 trees per acre for larger areas. The estimate for open space trees plantings are based
on the Baltimore County Policy and Guidelines for Community Tree Planting Projects (Balt Co, 2013). Table
4-7 shows a summary of the number of neighborhoods recommended for shade tree planting and the
number of shade trees proposed per subwatershed.

Table 4-7: Open Space Shade Tree Potential by Subwatershed

# of NSAs
Recommended # of Shade

for Shade Trees that Could
Subwatershed Trees* be Planted

Board-Aspen Run
Cliffs Branch

Glen Falls Run

Liberty Reservoir-B

Keyser Run

Liberty Reservoir-E

Norris Run

O |O |0 |0 |o o (o (o

Liberty Reservoir-C

w
o

Timber Run

[EEY
~

Cooks Branch

Liberty Reservoir-F

Chimney Branch

Liberty Reservoir-A

O |O |O|r |k |N|O|O|O|O |0 |0 |o (o

Locust Run

Liberty Reservoir Total 4 50
*If a neighborhood overlaps multiple subwatersheds, it is counted for each subwatershed it encompasses

Figure 4-7 illustrates the location of neighborhoods where shade trees could be planted. Out of the 32
neighborhoods assessed, 2 neighborhoods (6%) met the criteria and were recommended for shade trees.
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No NSAs were recommended for street trees. Based on the 32 neighborhoods assessed, 50 shade trees
were estimated for neighborhoods within the Liberty Reservoir watershed.
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Figure 4-7: Neighborhoods Recommended for Shade Tree Planting
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4.2.3.6 Lot Canopy Improvement

Increasing lot canopy is an effective way of reducing runoff and peak flows, improving filtration and water
quality, and increasing shaded areas to reduce stream temperatures from excessive solar heating.
Reforestation works with bayscaping and rain gardens to improve runoff infiltration and provide
terrestrial habitat. Reforestation of stream buffers are especially important for maintaining healthy
streams as roots stabilize banks, leaves contribute to the stream’s food web, and trees also help reduce
nutrient loading to downstream waters.

Lot canopy improvement was recommended for neighborhoods where existing canopy coverage was on
average less than 40% of the lot. Table 4-8 summarizes the neighborhoods identified for lot canopy
improvement in each subwatershed and the estimated acres of land addressed. It also shows the
percentage of the total watershed area addressed through the implementation of lot canopy
improvement. Pervious lot area is found by taking the total acreage in each neighborhood and subtracting
out the acres of impervious roadway and buildings. This area is multiplied by the difference in percent
between the recommended 40% and the existing percentage of canopy cover estimated during the NSA.
NSAs recommended that encompass multiple subwatersheds were counted in each corresponding
subwatershed; however, the total acres of land were determined based on the proportion of NSA within
each subwatershed.

Table 4-8: Acres of Land Addressed by Lot Canopy Improvement

# of NSAs
Recommended for
Canopy Acres of Land % of Subwatershed
Subwatershed Improvement* Addressed Area Addressed

Board-Aspen Run 1 5.5 0.72%
Cliffs Branch 3 17.6 0.56%
Glen Falls Run 6 66.7 3.24%
Liberty Reservoir-B 2 11.0 1.73%
Keyser Run 3 18.8 6.73%
Liberty Reservoir-E 1 2.0 0.20%
Norris Run 6 37.2 2.08%
Liberty Reservoir-C 1 0.4 0.11%
Timber Run 4 33.8 3.63%
Cooks Branch 2 10.8 1.38%
Liberty Reservoir-F 2 41.3 2.05%
Chimney Branch 1 8.2 1.87%
Liberty Reservoir-A 1 18.1 2.31%
Locust Run 2 12.5 0.88%
Liberty Reservoir Total 35 284.1 1.73%

*If a neighborhood overlaps multiple subwatersheds, it is counted for each subwatershed it encompasses

154



Liberty Reservoir (Area S) Parsons Brinckerhoff
Watershed Characterization March 2015

Of the 32 neighborhoods assessed, 24 (75%) were recommended for lot canopy improvement. Of those
24 recommended neighborhoods, 4 were also recommended for better stream buffer management due
to encroachment. Enhancing stream buffers through reforestation in these NSAs will also increase the lot
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canopy. Figure 4-8 shows the NSAs recommended for lot canopy improvement in the Liberty Reservoir

watershed.
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Figure 4-8: Neighborhoods Recommended for Lot Canopy Improvement
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4.2.3.7 Stormwater Retrofits

Neighborhoods where sufficient open, green space is available down gradient from parking or roadways
with no gutter systems are recommended for stormwater retrofit practice. The neighborhoods assessed
either had adequate stormwater management facilities or did not have available open space to implement
a stormwater retrofit.

4.2.3.8 Street Sweeping

Street sweeping helps remove trash, sediment, and other organic matter such as leaves and grass clippings
from the curb and gutter system and prevents them from entering the storm drains and nearby streams.
Street sweeping also reduces sediment and other pollutant loads such as oil and metals to the stream
system. Excessive organic matter, sediment, and trash can clog streams and the storm drain system
resulting in costly maintenance and stream health impairment. Also, the decay of an unbalanced amount
of organic matter in a stream depletes the supply of dissolved oxygen, depriving aquatic life, including
fish, of their oxygen demand. An aggressive street cleaning initiative can ease the effects of a curb and
gutter storm drain system on receiving streams. The criteria for recommending street sweeping include
neighborhoods where 25% or more of the curbs and gutters are covered with excessive trash, sediment,
and/or organic matter. Of 32 neighborhoods assessed, none of the neighborhoods met the requirements
for street sweeping.

4.2.3.9 Neighborhood Trash Management

Trash can be a major neighborhood pollutant. Neighborhoods where junk or trash was observed in 10%
or more of yards are recommended for trash management initiatives. The uplands survey revealed that
all of the neighborhoods were relatively free of trash and none were recommended for trash management
education.

4.3 Hotspot Site Investigation (HSI)

Stormwater hotspots are areas that have potential to generate higher concentrations of stormwater
pollutants than typically found in urban runoff and/or have a higher risk of spills, leaks, or illicit discharges
due to the nature of their operations (CWP, 2005). These generally include commercial, industrial,
municipal, or transport-related operations. Hotspots are either regulated or unregulated. Regulated
hotspots are known sources of pollutants that abide by applicable federal or state laws (e.g., National
Pollutant Discharge Elimination System (NPDES) permits). The nature of unregulated operations makes
them likely potential pollutant sources. Stormwater pollutants generated as a result of hotspot operations
depend on site-specific activities but typically include nutrients, hydrocarbons, metals, chloride,
pesticides, bacteria, and trash.

Commercial hotspots include a range of businesses and activities but are normally grouped together in
subwatersheds. Operations characteristic of commercial hotspots include waste or wash water
generation, outdoor material storage, fuel handling, and auto/boat repair. Common commercial hotspots
include but are not limited to auto repair shops, car dealers, car washes, parking facilities, gas stations,
garden centers, construction equipment and building material lots, swimming pools, and restaurants.
Industrial operations utilize, generate, handle, and/or store pollutants that can be washed off with
stormwater, spilled, or mistakenly discharged into the storm drain. Many industrial hotspots are regulated
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under NPDES industrial discharge permits and include various manufacturing operations such as metal
production, chemical manufacturing, and food processing. Municipal hotspots typically refer to local
government operations such as solid waste, wastewater, road and vehicle maintenance, and yard waste.
Like industrial operations, many municipal hotspots are subject to NPDES stormwater permits. Transport-
related hotspots normally include areas of significant impervious cover and extensive private storm drain
systems. Many are regulated and include uses such as airports, ports, highway construction, and trucking
centers.

The purpose of the HSlIs is to evaluate pollution potential from hotspot operations and identify potential
restoration practices that may be necessary. The following subsections describe the methods used to
identify and assess a sample of hotspots in the Liberty Reservoir watershed.

4.3.1 Assessment Protocol

The County preselected 16 hotspots for assessment; one site was split into three sites based on field
observations and the distinct differences in land use. Two additional sites, a golf course and roller skating
rink, were identified and included during the field assessment. A total of 20 hotspots were then evaluated.

One objective of the HSIs was to examine a variety of hotspot operations and select sites to represent
common types of hotspots found in the watershed. HSIs were also focused on unregulated hotspots since
access to regulated hotspots is often limited, and regulated hotspots are previously documented and
known pollutant sources. Regulated hotspots are already subject to NPDES permit regulations which
normally require strict effluent concentration limits and periodic monitoring. Obvious sources of pollution
observed during the upland assessment were revisited for hotspot potential.

While hotspots have unique operations, drainage systems, and pollutant-related risks, stormwater quality
problems can be characterized and evaluated by operations and activities common to most hotspots. Per
the USSR manual, the HSI involved an evaluation of six common operations at each potential hotspot:
vehicle operations, outdoor materials, waste management, physical plant, turf/landscaping, and
stormwater infrastructure. The field team aimed to survey the entire property of each potential hotspot
selected for an HSI to determine water quality impacts and restoration opportunities.

These six categories were used to standardize the HSI process and prioritize potential restoration efforts.
Parameters evaluated within each operation category are described briefly below.

Vehicle Operations

Vehicle operations include maintenance, repair, recycling, fueling, washing, or long-term parking. The
presence of any of these activities was noted for each site since they can be a major source of metals, oil
and grease, and hydrocarbons. Outdoor activities including vehicle storage, repair, fueling, and washing
were also noted as potential pollution sources. Connections between vehicle operations and the storm
drain system are the main focus of this category. The following were noted during the HSI as potential
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pollution sources: vehicle spills/leakage, lack of runoff diversion methods from storage/repair areas,
directly connected fueling areas, and direct discharges to the storm drain from vehicle washing.

Outdoor Materials

Stormwater quality issues result from improper handling or storage of outdoor materials at hotspots.
Locations where materials were loaded or unloaded were examined to see if materials were uncovered
and draining to a storm drain inlet. Storage areas were also evaluated for types of materials stored
outdoors and their potential for entering the storm drain system. Uncovered materials and stained
storage areas were used as indicators of poor outdoor storage practices and potential pollution sources.
The field team also looked for improperly labeled storage containers, lack of secondary containment for
liquids, and whether the storage area was directly or indirectly connected to the storm drain system. If
any of these were observed, they were marked as potential pollution sources.

Waste Management

Every hotspot generates waste as a result of daily operations which can be potentially hazardous or a
source of stormwater pollution depending on the type of waste and how it is stored. The field team noted
the type of waste generated (e.g., hazardous, garbage, etc.) and the condition of dumpsters. Dumpsters
with no cover or open lids, with leaks, damaged or in poor condition, and/or overflowing were noted as
potential pollution sources. Dumpsters located near storm drain inlets and lacking runoff diversion
methods were also recorded as potential pollution sources.

Physical Plant

Common physical plant practices include cleaning, maintaining, or repairing the building, outdoor work
areas, and parking lots. These activities can be a source of sediment, nutrients, paints, and solvents in
stormwater runoff. For each hotspot, the condition around the building was evaluated. Staining or
discoloration around the building, which is evidence that maintenance activities (e.g., painting, power-
washing, resealing, etc.) discharge to storm drains, were noted as potential pollution sources. Similarly,
parking lots that were stained, dirty, breaking up, or had excessive impervious cover were recorded as
potential pollution sources. Downspouts connected to impervious surfaces or directly to the storm drain
system were also recorded as pollution sources at a hotspot site. A stain leading to storm drains denoted
poor cleaning practices (e.g., for construction activities).

Turf/Landscaping

Ground maintenance activities for turf/landscaped areas were also evaluated at hotspot sites. High turf
management and improper irrigation practices were noted since they are potential sources of nutrient,
fertilizer, and pesticide pollution. The field team also determined whether landscaped areas drained

160



Liberty Reservoir (Area S) Parsons Brinckerhoff
Watershed Characterization March 2015

directly to storm drains or if organics (leaves, grass) accumulated on impervious surfaces. More than 20
percent of bare soil in turf/landscaped areas was flagged as a sediment pollution source.

Stormwater Infrastructure

If stormwater treatment practices were not present, this was flagged as a potential pollution source.
Private storm drains were also evaluated for pollution and illicit connection potential. Storm drains with
considerable amounts of sediment, organics, and/or trash were identified as potential pollution sources.

Recommended Actions

For each operation on the HSI field form, there is an observed pollution source box which was checked
when there was clear evidence of pollution problems at the time of the investigation. After surveying the
entire property and evaluating hotspot operations, one or more of the follow-up actions listed below may
be recommended based on initial field observations:

o Refer forimmediate enforcement

e Follow-up on-site inspection

e Test forillicit discharge

e Future education effort

e Check to see if hotspot is an NPDES non-filer

e On-site non-residential retrofit

e Pervious area restoration

e Schedule a review of stormwater pollution prevention plan

4.3.2 Summary of Sites Investigated

A total of 20 potential hotspot sites were investigated in the Liberty Reservoir watershed. The hotspot
candidates included as part of the upland survey are listed in Table 4-9. All assessed hotspots were given
an initial hotspot designation based on the severity of pollution potential observed in the field. Hotspots
were categorized as either severe, confirmed, potential, or not a hotspot. Locations and initial hotspot
status designations are shown in Figure 4-9. These hotspot candidates were selected as a representation
of common types of hotspot operations throughout the watershed. While based on this sample
assessment, the overall watershed strategy should also encompass all hotspot operations occurring in the
watershed.

Throughout the Liberty Reservoir watershed, fifteen (15) commercial facilities, two (2) industrial facilities,
one (1) transport-related facility, one (1) municipal facility, and one (1) golf course were investigated.
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Table 4-9: Summary of Hotspot Sites Investigated in Liberty Reservoir Subwatersheds

Site ID Subwatershed Type Category
HSI_S_0101 Board-Aspen Run Roller Skating Rink Commercial
HSI_S_0201 Cliffs Branch Lawn Equipment Store Commercial
HSI_S_0202 Cliffs Branch Auto Repair Shop Commercial
HSI_S_0203 Cliffs Branch Propane Tank Shop Commercial
HSI_S_0301 Glen Falls Run Nursery Commercial
HSI_S_0302 Glen Falls Run Restaurant Commercial
HSI_S_0303 Glen Falls Run Agricultural Business Industrial
HSI_S_0304 Glen Falls Run Nursery Commercial
HSI_S_0305 Glen Falls Run Construction Commercial
HSI_S_0306 Glen Falls Run Parking Lot Transport-Related
HSI_S_0307 Glen Falls Run Lumber Mill and Shop Commercial
HSI_S_0501 Keyser Run Grocery Store Commercial
HSI_S_0502 Keyser Run Golf Course Golf Course
HSI_S_0701 Norris Run Landscaping Commercial
HSI_S_0702 Norris Run Utility Company Industrial
HSI_S_0703 Norris Run Highway Shop Municipal
HSI_S_0901 Timber Run Contractor Commercial
HSI_S_ 1101 Liberty Reservoir-F Nursery Commercial
HSI_S_1102 Liberty Reservoir-F Auto Repair Shop Commercial
HSI_S_1401 Locust Run RV Company Commercial
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Figure 4-9: HSI Locations in the Liberty Reservoir Watershed
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4.3.3 General Findings

A summary of HSI results is presented in Appendix B including hotspot status, category, pollution sources,
and comments regarding hotspot observations. One confirmed hotspot was identified among the
following sample of hotspot categories, transport-related, commercial, industrial, municipal, and golf
course operations. Waste management (i.e., open dumpsters, dumpsters stored near stormwater inlets,
trash/litter, etc.), vehicle operation (i.e., outdoor vehicle storage and repairs), and outdoor materials
storage (i.e., uncovered loading/unloading and storage areas, staining/discoloration, etc.) were the most
common potential pollutant sources observed in the watershed. A brief description of the various hotspot
categories assessed and general findings are provided in the subsequent subsections. This includes a
description of how the pollution potential for specific sites can be ranked within a specific category.

4.3.3.1 Commercial

There are fifteen commercial areas within the watershed, each with unique operations and pollution
sources. Commercial hotspots were divided into categories based on characteristic operations and
pollution sources: Auto-Related, Shopping Centers/Garden Centers, Construction Suppliers/Construction
Services, Recreational Activities, and Restaurants.

Auto-related

There were two auto-related commercial establishments assessed in the Liberty Reservoir watershed.
Both establishments were auto repair shops. The most common sources of stormwater pollution from
this category of hotspots include vehicle operations, outdoor materials, waste management, and physical
plant. Specifically for these two sites, vehicles operations and outdoor vehicle storage were the most
common potential pollutant sources. Any of these activities can contribute potentially hazardous pollution
to the storm drain system if proper housekeeping is not performed or if impervious surfaces lack
diversions or treatment for stormwater runoff. It is also common for impervious surfaces (parking lots) at
these types of hotspots to be stained as a result of vehicle operations or outdoor material storage which
can also result in pollutants being transported by stormwater runoff. Some staining was observed at one
of these sites (see Figure 4-10). The main recommended action for these types of operations is to include
in future education efforts explaining proper waste management, ensure an adequate buffer or diversion
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methods from stream/storm drain systems, and incorporate treatment of stormwater runoff where
possible.

Figure 4-10: No asphalt staining observed at one auto site (Left), while some asphalt staining was observed at the other site
(Right)

Shopping Centers/ Garden Centers

There were several commercial shopping center areas within the watershed, including nurseries/garden
centers, a grocery store, lawn equipment store, RV company, and propane tank shop. The most common
potential pollutant sources came from outdoor material storage and waste management, ranging from
stored materials lacking cover to uncovered or damaged dumpsters. Dumpsters are often located on
impervious surfaces at shopping centers and if in poor condition, staining or leaks can contribute
pollutants directly into the storm drain system or nearby stream. There is also potential for wind or rain
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to carry trash from uncovered or overflowing dumpsters to the storm drain or stream system (see Figure
4-11).

Figure 4-11: Potential pollution sources from improper waste management (Left) and liquid storage spill (Right)

Commercial areas sometimes have outdoor shopping or stockpile areas where materials are stored
outside. Similar to the discussion above, if materials are uncovered and on impervious surfaces, runoff
from these areas can go directly into the storm drain system along with certain pollutants depending on
the type of materials. Some storage observed in Liberty Reservoir was done on wooden pallets allowing
stormwater to flow under stored materials (See Figure 4-12).

Figure 4-12: Uncovered stockpile located near inlet in gravel parking lot is a potential pollution source (Left) and proper storage
of outdoor materials on pallets (Right)

Construction Suppliers/Construction Services

Three commercial properties within the Liberty Reservoir watershed handled bulk inventory construction
and landscaping supplies and services, including a landscaping business, lumberyard, and construction
company. Pollution sources for these facilities often come from storage of outdoor materials and waste
management. Vehicle operations may also contribute to pollution sources. The most common pollutant
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sources for these facilities were vehicle operations, outside storage, and physical plant that may be
contributors to sediment accumulation around these sites. Future education was recommended to
improve waste management and lawn care and increase bayscaping (Figure 4-13). Runoff from these
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areas can go directly into the storm drain system along with certain pollutants depending on the type of
materials (Figure 4-14).

Figure 4-13: Future education efforts recommended to improve trash management and lawn care practices

Figure 4-14: Sediment accumulation on pavement and around storm drain

Recreational Activities

There were a couple of commercial recreational facilities in the watershed, including a roller skating rink
and a golf course. These facilities are often prone to pollution from waste management and physical plant
sources. In the Liberty Reservoir watershed, specific sources of potential pollution were lack of a stream
buffer and downspouts directly connected to impervious surfaces (Figure 4-15). Both facilities have the
potential for Stormwater Management (SWM) retrofits. The golf course currently has a pond that could
be converted into a treatment pond while the skating rink has available space to install a SWM facility to
treat the parking lot (Figure 4-16).
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Figure 4-15: Lack of a buffer around stream (Left) and Downspouts Connected to Impervious Surface (Right)

Possible SWM location

Figure 4-16: Potential SWM retrofit opportunities

Restaurants

Commercial restaurant sites generally consist of parking area outside the restaurant facility with waste
management practices located on site. Like shopping centers, impervious cover at restaurants can
become deteriorated or stained, leading to sediment or nutrient-laden runoff entering local storm drain
systems (Figure 4-17). Other common problems were uncovered or leaking dumpsters. This site is
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recommended for future education efforts related to waste management and replacement of broken up
pavement with gravel.

Figure 4-17: Broken-up pavement and overflowing/uncovered dumpsters

Commercial Hotspot Summary

Pollution potential from commercial hotspots including auto-related facilities, shopping centers,
construction suppliers, recreational facilities, and restaurants can be ranked as high, medium, or low
based on the following example criteria:

e High pollution potential: Staining of impervious surfaces leading to storm drain inlets or stream;
dumpsters in poor condition (leaking, overflowing, uncovered, next to storm drain or stream
without diversion); improper disposal of hazardous materials or wash water; uncovered or lack of
runoff diversion methods for repair/fueling areas or outdoor materials storage

e Low pollution potential: Proper disposal methods; good housekeeping (well maintained parking
lot, waste management); stormwater management practices.

4.3.3.2 Transport-Related

Transport-related hotpots generally include large impervious areas and a significant amount of vehicle
operations. They can also include waste management operations. These areas can be sources of
potentially hazardous pollutants such as oil and grease from leaking vehicles and stained parking lot
surfaces. Some can also be potential sources of trash/dumping and stormwater pollution from outdoor
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materials storage. These types of sites may be good candidates for future education efforts related to
vehicle operations, outdoor materials storage, and waste management.

The one transport-related site, a parking lot servicing a commercial area, was located in the watershed.
The parking lot was surrounded by open space that has the potential for tree plantings and a potential
SWM retrofit to treat the parking lot (see Figure 4-18).

Tree growing over storm
drain inlet

Figure 4-18: Potential location for SWM retrofit (Left) and open area available for tree plantings (Right)

Pollution potential from transport-related hotspots can be ranked as high, medium or low based on the
following example criteria:

e High pollution potential: Staining of impervious surfaces leading to storm drain inlets or stream;

dumpsters in poor condition (leaking, overflowing, uncovered, next to storm drain or stream
without diversion); uncovered or lack of runoff diversion methods for repair/fueling areas or
outdoor materials storage

e Low pollution potential: Proper disposal methods; good housekeeping (well maintained parking

lot, waste management); stormwater management practices

4.3.3.3 Industrial

Industrial sites generally include manufacturing sites, maintenance yards for construction companies, and
distribution centers. As discussed in Section 2.3.10, less than 0.1% of the watershed is zoned industrial.
Despite the small percentage of cover, industrial areas have the potential to contribute a significant
release of illicit pollutants into nearby storm sewers and surface waters.

Two industrial facilities were investigated in the Liberty Reservoir watershed: an agricultural business and
utility company. The most common potential pollutant sources observed were related to vehicle
operations and waste management. Specifically, vehicles were being stored at both sites and an
uncovered fueling station was observed at one location. Another common potential pollutant source
came from the presence of outside storage and dumpsters. Loose rubble, trash, and stockpiles were
observed at the facilities. Stored improperly, outdoor materials can wash into waterways and loose trash
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can be washed or blown into drainage systems and streams. The utility company was not found to be a
hotspot. The other industrial site is recommended for a follow-up site inspection, as significant sediment
was observed on site and a thorough investigation of onsite stormwater management was not possible
(Figure 4-19).

Figure 4-19: Uncovered outdoor storage area (Left) and significant sediment observed on pavement (Right)

Industrial Hotspot Summary

Pollution potential from industrial hotspots including construction companies and power plants can be
ranked as high, medium or low based on the following example criteria:

e High pollution potential: Staining of impervious surfaces leading to storm drain inlets or stream;
dumpsters in poor condition (leaking, overflowing, uncovered, next to storm drain or stream
without diversion); improper disposal of hazardous materials or wash water; uncovered or lack of
runoff diversion methods for repair/fueling areas or outdoor materials storage

e Low pollution potential: Proper disposal methods; good housekeeping (well maintained parking
lot, waste management); stormwater management practices

4.3.3.4 Municipal Operations

Municipal properties tend to consist of storage yards, maintenance yards and fueling centers and these
sites usually have large impervious areas. Municipal areas can also include offices and recreational
facilities.

One municipal facility, a Baltimore County Highway Shop, was examined during the HSI assessments. The
pollution sources observed were vehicle fueling and storage, outdoor storage, presence of garbage, and
downspouts discharging to impervious surfaces. This facility had a large impervious lot with an uncovered
fueling station, improper storage of outdoor materials, excess sediment available to leave the site, and
overflowing dumpsters. Recommendations have been made for better trash management, improved
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stockpiling, and a review of the Stormwater Pollution Prevention Plan due to high volumes of sediment
on impervious surfaces (see Figure 4-20). Stormwater management was observed (see Figure 4-21).

Figure 4-20: Improper waste management (Left) and significant sediment observed on pavement (Right)

Figure 4-21: Stormwater Management facility (Left) and super silt fence (Right) observed on site

Municipal Hotspot Summary

Pollution potential from municipal hotspots include public works maintenance yards, storage yards, and
equipment storage and can be ranked as high, medium or low based on the following example criteria:

e High pollution potential: Staining of impervious surfaces leading to storm drain inlets or stream;
improper disposal of hazardous materials or wash water; uncovered or lack of runoff diversion
methods for repair/fueling areas or outdoor materials storage

e Low pollution potential: Proper disposal methods; good housekeeping (well maintained parking
lot, waste management); stormwater management practices

4.4 Institutional Site Investigation (ISI)

173



Liberty Reservoir (Area S) Parsons Brinckerhoff
Watershed Characterization March 2015

The USSR manual does not treat institutional sites as a separate component of the uplands survey;
instead, institutions can be assessed using HSI protocols. Consistent with recently completed county
watershed studies, a modified version of the HSI field form was used to assess institutional sites since HSI
protocols do not exactly match conditions encountered on institutional properties. The ISI method was
first developed and implemented for the Upper Back River watershed study and was also used for the
Tidal Back River, Middle River/Tidal Gunpowder, the Bear Creek/Old Road Bay, Middle Gwynn Falls, and
Lock Raven North watershed studies. Institutions surveyed as part of this study include the following types
of community-based facilities: schools, cemeteries, faith-based facilities, and a library. The following
subsections describe the methods used to identify and evaluate pollution sources and restoration
potential at institutional facilities.

4.4.1 Assessment Protocol

The County preselected 23 institutions for assessment. During the field assessment, one site was split into
two to distinguish between different pollution sources at a school and public library, thus the final number
of institutions investigated was 24. These sites were shown and labeled on field maps created for the
upland assessments and on larger base maps showing the entire watershed. Institutions were surveyed
as encountered in the field using these maps and a list of institutions as guidance. Unique ID numbers
were assigned to ISls using the classification scheme “ISI_S _0101”, where ‘S’ denotes the Liberty Reservoir
watershed and the first two numbers correspond to a specific subwatershed. As previously described,
subwatersheds were assigned the unique numbers summarized in Table 4-1 for the purposes of NSAs,
HSls, and ISIs. Institutional sites were then numbered sequentially within a particular subwatershed. For
example, ISIs in Norris Run would be identified as 0701, 0702, 0703, etc.

The entire property of an institutional site was walked by the field team to collect necessary data and take
photographs. Basic information was filled out first including type of institution, address, and ownership
(public or private). Ownership is important as different approaches may be used to contact private versus
public institutions. For example, a message may be received differently coming from the government as
opposed to a non-profit group. Strategies for individual institutions will incorporate these different
approaches. The ISl field form includes many of the pollution source categories used on the HSI form.
Some of the restoration opportunities and recommended actions from the NSAs are also incorporated
into the ISI. The focus of ISls is to identify potential restoration opportunities, to educate the community,
and to provide water quality benefits. The information collected for each of the pollution source and
restoration categories are briefly described below.

Tree Planting

Potential tree planting locations at an ISI site were marked on aerial photographs while walking the
property. After walking the entire site, the total number of trees that could be planted at the site was
estimated based on 40-foot spacing between trees for narrow sites and based on an estimate of 100 trees
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per acre for larger open areas. More accurate numbers can be determined during the post-fieldwork
desktop analysis after restoration opportunities have been selected and prioritized.

Exterior

The exterior category is similar to the physical plant category in the HSI, except it also includes restoration
opportunities. The condition of the building(s) and parking lot(s) were noted. Stained, dirty, damaged, or
breaking up surfaces were noted as potential pollution sources for both of these components. If no
stormwater management was provided for impervious parking areas this was also considered as a
potential pollution source. Exterior storm drain inlets were inspected for evidence of maintenance or
wash water dumping and poor erosion/sediment control, cleaning, or material storage practices for
construction activities. Any observations of staining, discoloration, or mop threads around a storm drain
inlet indicated a potential pollution source as a result of these activities. Building downspouts that were
directly connected to the storm drain system or indirectly connected to impervious surfaces were also
recorded as potential pollution sources.

Potential restoration opportunities evaluated in the exterior category included impervious cover removal
and downspout disconnection. Locations where excess impervious cover could be removed were marked
on aerial field maps. Examples include unused or underutilized parking areas and abandoned athletic
courts and foot paths.

Waste Management

Every institution generates waste as a result of daily operations, but unlike hotspots, it is typically just
garbage. One exception to this could be health care facilities that have the potential to generate medical
waste. The field team noted the type of waste generated (e.g., hazardous, garbage, medical, etc.) and the
condition of dumpsters. Dumpsters with no cover or open lids, with leaks, damaged/in poor condition,
and/or overflowing were noted as potential pollution sources. The field team also observed whether trash
was present that could leave the site with wind or rain. Dumpsters located near storm drain inlets or
lacking runoff diversion methods were also recorded as potential pollution sources.

Vehicle Operations

Most institutions did not have vehicle operations; however, several facilities did have one vehicle stored
on site. A couple of facilities had multiple maintenance vehicles on site and one of those sites also had a
fueling station. Vehicle operations include maintenance, repair, recycling, fueling, washing or long-term
parking. The presence of any of these activities was noted since they can be a source of metals, oil and
grease, and hydrocarbons. Outdoor activities including vehicle storage, repair, fueling, and washing were
also noted as potential pollution sources. For the most part, it appeared that the institution likely only
stored vehicles on-site.

Outdoor Materials

Materials such as mulch piles, storage drums, and de-icing salt are sometimes stored on institution
grounds. Locations where materials were loaded or unloaded were examined to see if materials were
uncovered and draining to a storm drain inlet. Storage areas were also evaluated for types of materials
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stored outdoors and their potential for entering the storm drain system. Uncovered materials and stained
storage areas were used as indicators of poor outdoor storage practices and potential pollution sources.

Turf/Landscaping

The percentage of forest canopy, turf grass, landscaping, and bare soil covering the pervious area of a site
was recorded on the field form. Sites with more than 20 percent of bare soil were noted as a potential
source of sediment pollution. Ground maintenance activities for turf/landscaped areas were also
evaluated. High turf management and improper irrigation practices (non-target/over-watering) were
noted since they are potential pollution sources of nutrients, fertilizer, and pesticides. The field team also
determined whether landscaped areas drained directly to storm drains or if organics (leaves, grass)
accumulated on impervious surfaces. Evidence of buffer encroachment and whether buffers were
adequately planted was also recorded for evaluating restoration potential.

Stormwater Infrastructure

The field team checked whether storm drains were marked and whether stormwater treatment practices
were present. These were evaluated for potential pollution sources and restoration potential. In addition,
field teams also noted opportunities for the installation of stormwater retrofits to treat existing
impervious areas.

Recommended Actions
After walking the entire property and evaluating the categories discussed above, one or more of the
follow-up actions listed below were recommended based on initial field observations:

e Tree planting

e Stormwater retrofit

e Downspout disconnection

e Impervious cover removal

e Trash management

e Storm drain marking

e Stream buffer improvement

e Education (e.g., lawn care, outdoor materials storage)
4.4.2 Summary of Sites Investigated
Atotal of 24 institutions were assessed throughout the Liberty Reservoir watershed. The number and type
of institutions assessed within each subwatershed are summarized in Table 4-10. Several of the
institutions overlap multiple subwatersheds. For this analysis, institutions which overlap watershed
boundaries counted towards the subwatershed in which the majority of the area falls within. For example,
Owings Mills Harvest Church of God encompasses portions of the Glen Falls Run and Keyser Run
subwatersheds. Since the majority of the ISI area falls within the Glen Falls Run subwatershed, it was

counted toward this subwatershed for analysis purposes. Figure 4-22 shows the distribution of the various
types of institutions assessed throughout the watershed.

176



Liberty Reservoir (Area S)
Watershed Characterization

Parsons Brinckerhoff
March 2015

Table 4-10: Types of Institutions Assessed by Subwatershed

Subwatershed
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Cliffs Branch

Glen Falls Run

Liberty Reservoir-B

Keyser Run

Liberty Reservoir-E

Norris Run

Liberty Reservoir-C

Timber Run

Cooks Branch

Liberty Reservoir-F

Chimney Branch

Liberty Reservoir-A

Locust Run

Liberty Reservoir Total

21
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Figure 4-22: ISl Locations in the Liberty Reservoir Watershed
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4.4.3 General Findings

The number and different types of recommended actions for ISls are summarized in Table 4-11 by
subwatershed. The most common potential pollution source observed at the ISI locations was untreated
runoff from rooftops, parking lots, and other impervious surfaces. SWM facilities were recommended on
multiple institutional sites to reduce pollution impacts from these locations.

Table 4-11: ISI Recommended Actions by Subwatersheds
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Subwatershed 8 a £ES =S 2 £ B
Board-Aspen Run 28 1 1 0 0 0 0 0
Cliffs Branch 372 1 0 1 0 1 1 0
Glen Falls Run 136 0 0 0 0 0 2 1
Liberty Reservoir-B 0 0 0 0 0 0 0 0
Keyser Run 0 0 0 0 0 0 0 0
Liberty Reservoir-E 0 0 0 0 0 0 0 0
Norris Run 749 5 1 4 1 7 2 0
Liberty Reservoir-C 0 0 0 0 0 0 0 0
Timber Run 0 0 0 0 0 0 0 0
Cooks Branch 7 0 1 0 0 0 0 0
Liberty Reservoir-F 0 0 0 0 0 0 0 0
Chimney Branch 0 0 0 0 0 0 0 0
Liberty Reservoir-A 37 1 0 1 0 1 0 0
Locust Run 100 0 1 0 1 1 0 0
Liberty Reservoir Total 1,429 8 4 6 2 10 5 1

4.4.3.1 Tree Planting

It was estimated that a total of 1,429 trees could be planted at institutions located within the Liberty
Reservoir watershed. Tree plantings were recommended for 17 out of the 24 institutions assessed. Tree
planting sites were identified in the field and noted on field maps. The table above represents planning
level estimates which would be refined through follow-up site investigations if a site is selected for a
restoration/improvement project(s). Street trees and open space shade trees are not only an asset
aesthetically but they also provide air and water quality improvement since they intercept precipitation
with their leaves and can absorb precipitation and nutrients through their root systems. This infiltration
of precipitation through leaves or the root systems slows flow input and provides some treatment before
stormwater runoff reaches the stream system.

4.4.3.2 Stormwater Retrofits
As shown in Table 4-11, eight stormwater retrofits were recommended in four subwatersheds, while
storm drain marking was recommended at ten sites. Downspout disconnection was recommended for
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three private institutions and one public institution where sufficient pervious area was available to
redirect rooftop runoff. All of these actions present an opportunity to educate the community about the
connection between the storm drain system, Liberty Reservoir watershed, and how their actions can
impact or improve water quality.

Stormwater retrofits were recommended for eight private faith-based organizations. Stormwater retrofit
opportunities included treating runoff from rooftops, parking lots, inlet retrofits, and conversion of
existing SWM facilities. Sites where sufficient pervious area was available to treat a portion of the runoff
from an impervious parking lot could implement infiltration or filtration practices such as bio-retention
that incorporate vegetation and filter media through which stormwater infiltrates for pollutant removal
prior to groundwater recharge or entering the stream system.

ISI_S 0705 is a site where impervious areas could potentially be treated by a bioretention facility.
Bioretention facilities are nonlinear infiltration facilities that usually, but not always, receive concentrated
flows. They incorporate landscaping plants that are planted in a special soil mixture, which promotes the
removal of pollutants through filtration and the uptake of excess nutrients by the plants. As runoff filters
through the soil mixture it infiltrates into the ground. The soil mixture is kept dry with an under drain
system. The under drain either discharges into an existing storm drain system or daylights to a vegetated
area.

At site ISI_S_0705, there is a potential opportunity to treat a cemetery road that currently drains to one
of two inlets that daylight either into the lawn or the stream headwaters located approximately 50 feet
from each other (see Figure 4-23). There appears to be space to treat at both sites.

Figure 4-23: Impervious area retrofit opportunity at ISI_S_0705 has potential to treat cemetary road and lawn before
discharging into stream

Another facility that could potentially be treated by bioretention is site ISI_S_0702. This is a faith-based
site that has portions of its parking lot drain to a low spot near an open area where sediment accumulates
(Figure 4-24). It is possible that the broken up curb and gutter be removed from the down gradient edge
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of the parking lot and a bioretention facility be installed at the perimeter of the parking lot to treat runoff.
The open space has an inlet that currently drains runoff to a nearby stream.

Figure 4-24: Parking lot retrofit opportunity at ISI_S_0702

Another facility where the parking lot could potentially be treated by bioswale stormwater retrofits is
shown in Figure 4-25. Bioswales are similar to microbioretention in that stormwater treatment is provided
with plantings in a special soil mixture; however, bioswales are linear facilities that usually receive sheet
flow. ISI_S_1301 is a church and school where space could potentially be made for multiple bioswales by
removing adjacent excess pavement and expanding medians. Stormwater currently sheet flows off of the
parking lot and into an inlet. ISI_S 0101, ISI_S 0202, ISI_S 0702, ISI_S 0704, and ISI_S 0706 are all
churches that have impervious areas from parking lots without curbs where runoff could be directed into
bioswales or urban filter strips.

Figure 4-25: Parking lot retrofit opportunities at ISI_S_1301

ISI_S 0708 is a faith-based facility with an existing pond that collects runoff from a parking lot and
playground. The pond does not appear to be a designed SWM facility based on the county database. The
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pond currently discharges into the headwaters of Norris Run. There is potential for conversion to a SWM
facility at this site.

Figure 4-26: Existing pond at ISI_S_0708 with possible conversion to SWM facility

4.4.3.3 Downspout Disconnection

Downspout disconnection was a recommended action for three faith-based institutions and one
elementary school. Institutional sites ISI_S 0101, ISI_S 1001, and ISI_S 1402 are churches with
downspouts directly connected to the storm drain system. There is enough down gradient grass for the
downspouts to be disconnected and discharged to a pervious area. The fourth facility, Franklin Elementary
School, discharges to impervious areas. Again, there is adequate open, pervious area surrounding the
facility for disconnection to take place.

4.4.3.4 Impervious Cover Removal

As discussed previously, impervious surfaces prevent precipitation from naturally infiltrating into the
ground. Because runoff from impervious surfaces is often accelerated and concentrated when it reaches
the storm drain and stream systems it can lead to stream erosion, habitat destruction, and water
pollution. Removing unused or underutilized impervious surfaces will help increase pervious area and the
watershed’s capacity for infiltrating and treating stormwater runoff.

Impervious cover removal was a recommended action for six out of the 24 institutions investigated. It was
a recommended action for sites where a considerable impervious area appeared to be abandoned or
underutilized such as parking lots and athletic courts. It also included areas where impervious cover was
not absolutely necessary and appeared to be damaged (patched or breaking up) such as areas on the side
or behind buildings or areas between buildings and parking lots.

At site ISI_S_0204, an unused strip of pavement can be removed and planted as illustrated in Figure 4-27.
Other examples where impervious cover can be removed are large unused impervious areas behind
churches. At sites ISI_S_0701 and ISI_S_0703, broken up impervious walkways and parking lots were
observed on the school properties. Much of the impervious area at the specified locations on each site
can be removed and replaced with grass or bayscaping. Depending on how often the parking lot is used
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in ISI_S_0701, the broken up pavement may be replaced with either pervious pavers or grass. These sites
are illustrated in Figure 4-28.

Figure 4-27: Examples of impervious cover removal opportunities at ISI_S_0204 (Left) and ISI_S_0704 (Right).

Figure 4-28: Examples of impervious cover removal opportunities at public schools ISI_S_0703 (Left) and I1SI_S_0701 (Right).

4.4.3.5 Trash Management

Trash management is an area in need of improvement throughout various areas of the watershed,
including institutions. A total of two private institution sites were recommended for trash management
action. Waste management education is recommended to address leaking dumpsters, open or uncovered
dumpsters where trash can leave the site, and dumpster placement near storm drain inlets or streams.
For example, at ISI_S_0702, the dumpster lid has been left open and trash was left around the dumpster
(Figure 4-29). Some trash was also observed in the lawn around the building. At site ISI_S 1402, several
trash cans were overflowing and uncovered. Trash at both of these sites has the potential to be carried
off-site by wind or rain.
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Figure 4-29: Trash Management Opportunities at ISI_S_0702 (Left) and I1SI_S_1402 (Right)

4.4.3.6 Storm Drain Marking

Ten of the institutional sites were identified for storm drain marking: five faith-based, two cemeteries,
two schools, and one library. All of the recommended sites possess storm drain inlets that are currently
unmarked.

4.4.3.7 Buffer Improvement

Forested buffer areas along streams are important for improving water quality and flood mitigation since
they can reduce surface runoff, stabilize stream banks (root systems), shade streams, remove pollutants
such as nutrients and sediment from runoff, and provide habitat for various types of terrestrial and aquatic
life including fish. Several institutions have streams that run through the property which is a potential
opportunity for improving an inadequate stream buffer by introducing native vegetation and trees. Buffer
improvement options, however, must be sensitive to property uses while striking a balance with
protecting water resources. For example, a narrow buffer consisting of native vegetation might be an
alternative to 50-foot wide, wooded buffers on either side.

Buffer improvement was identified as a recommended action for five out of the 24 institutions assessed.
These five sites include three faith-based facilities and two public schools. School properties typically
represent a unique opportunity to combine restoration projects with education. The public schools
recommended for buffer improvement are ISI_S 0701 and ISI_S 0703. The removal of invasive
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shrubs/bushes and installment of buffer planting could be performed in conjunction with a stream
cleaning and/or restoration project.

Location of Stream Location of Stream

/

Removal of
Invasive

species/Buffer
Buffer area plantings Buffer area

available for available for
plantings plantings

Figure 4-30: Buffer Improvement Opportunity at ISI_S_0701 (Left) and ISI_S_0703 (Right)

4.4.3.8 Educational Efforts

Educational efforts can have widespread benefits when implemented at institutions. The efforts can
include waste management, property management (i.e. downspout disconnection, landscaping practices,
invasive removal, etc.), proper material storage, and an overall increased awareness between community
actions and water quality. Education efforts have been recommended for one institutional site.

4.5 Pervious Area Assessment (PAA)

The Pervious Area Assessment or PAA was used as a component of the USSR to identify and evaluate sites
within the study area with potential for land reclamation, reforestation, or revegetation. The following
subsections describe the methods used to identify and evaluate restoration potential of pervious areas.

451 Assessment Protocol

The areas being assessed were preselected by Baltimore County EPS. Although there are many open
spaces in the Liberty Reservoir watershed, the majority of the assessment sites consist of county and state
owned fields and parks, but public sites located with the Soldiers Delight Natural Environment Area (NEA)
were not considered as the NEA maintains its own ecosystem restoration program. Additionally, two
privately owned swim clubs and a privately owned service organization were also assessed. If additional
tree planting is needed to obtain water quality standards other pervious areas will be investigated.

Unique ID numbers were assigned to PAAs using the classification scheme “PAA_S _0101”, where “S”
denotes the Liberty Reservoir watershed and the first two digits correspond to a specific subwatershed.
As previously shown in Table 4-1, each subwatershed was assigned a two digit number. The pervious areas
were then numbered sequentially in the order they were surveyed within a particular subwatershed. For
example, PAAs in Keyser Run would be identified as 0501, 0502, etc.

A new desktop analysis method for pervious area assessment, first utilized for the Loch Raven East SWAP,
was also utilized for the Liberty Reservoir watershed. Using this method, open pervious areas were
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evaluated and rated using current aerial photography available through Baltimore County (2011). The
parameters considered in the assessment are briefly described below. For each parameter, the PAA was
evaluated, rated for restoration potential, and prioritized.

Stream Buffer

If the PAA site contained a stream with no forest buffer, it received a high score for reforestation potential.
Adjacent properties were also examined for inadequate forest buffers (<100’) that could potentially be
expanded. As discussed in Section 2.2.7.2, stream buffers play an important role in improving water
quality. For this analysis, a stream buffer with forest cover or natural vegetation was desired for at least
100 feet on either side to protect the stream environment and downstream conditions.

Length of Stream

If the PAA site contained a stream with no forest buffer, an approximate linear distance of stream that
required a buffer and reforestation was recorded. The greater the length of stream in need of replanting
and forest cover protection, the higher the priority the PAA was given for tree planting.

Proximity to Forest Interior

Forest interior is defined as forested areas located more than 500 feet from any forest edge. Many forest
dwelling plants and animals benefit from having a continuous forest condition. It protects the ecosystem
from invasive plant and animal species, which tend to thrive in edge habitats and disturbed conditions.
Sites that have the potential to increase forest interior acreage were given the highest rating, while sites
that have the potential to increase contiguous forests without the potential to expand interior forest were
given a lower rating. Sites without existing continuous forest cover were given the lowest rating.

Exterior Forest Gap

An exterior forest gap is an unforested area located along the edge of a forest patch that would be
enclosed by the outline of the outermost edge of the forest patch when connected by a line. In other
words, if there is clearing located on the edge of the forest that extends into the forest that could be
planted to create a continuous forest edge. Only exterior forest gaps with edges less than 500 feet apart
were included. Similar to forest interior, it is beneficial to close forest gaps in order to increase the area
of contiguous forest. Forest edges are subject to colonization pressure from invasive plants and non-native
animals. Sites that have the potential to close exterior forest gaps were given a higher rating than those
that did not.

Planting Area
The size of land available for planting was also used to score the restoration potential of a site. The larger
the area available for planting, the higher the rating given to the site as the environmental benefit will be
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greater. Smaller planting sites are also valuable and present potential opportunities for community-based
projects and were still rated.

Ownership

Restoration projects are typically easier to accomplish on publicly owned land than on privately owned
land. While projects on privately owned land are sometimes possible, they require additional coordination
with the landowner often making them more time consuming and costly.

Stormwater Retrofit Potential

In addition to rating the sites for restoration potential, the analysis also involved evaluating potential
stormwater retrofit opportunities. Stormwater retrofits implement management controls to improve
water quality by capturing, slowing, and treating runoff to receiving water bodies where previous
practices do not exist. The type of stormwater retrofit selected is based on several considerations
including available land, cost, ecological benefit, and specific objectives.

4.5.2 Summary of Sites Investigated

A total of nine pervious areas were assessed within the Liberty Reservoir watershed. Six of the sites were
county or state owned, while three sites were privately owned swim clubs or service organizations.
Potential planting sites ranged from 0.5 to 24 acres. Figure 4-31 shows the location and size of PAAs within
the watershed.
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Figure 4-31: Pervious Area Assessment (PAA) Locations in Liberty Reservoir
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4.5.3 General Findings
A summary of the selected PAAs and their results including area available for potential tree planning,

presence of stream buffer, length of stream that can be planted, potential to expand forest interior
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acreage, presence of exterior forest gap, ownership, and stormwater retrofit potential is provided in Table
4-12.

Table 4-12: Liberty Reservoir PAA Summary

Length of SW

Stream Streamfor Expand Exterior Retrofit
Planting Buffer Planting Forest Forest Restoration Potentia

Area (ac) Present (linearft.) Interior Gap Ownership Score |
PAA_S_0501 12.5 Yes 1,500 No Yes Public 80 No
PAA_S_0502 n/a No n/a No No Public n/a No
PAA_S_0503 24 Yes 570 No Yes Public 65 No
PAA_S_0701 0.5 No n/a No Yes Public 30 No
PAA_S 0901 1 No n/a No No Private 10 Yes
PAA_S 1101 2 No n/a No No Private 5 No
PAA_S 1201 0.5 No n/a No Yes Private 25 No
PAA_S_ 1401 24 Yes 400 No Yes Public 65 No
PAA_S 1402 3.5 No n/a No Yes Public 40 No

PAA_S_0501

Located off of Mitchell Drive in the Keyser Run subwatershed, PAA_S_0501 is the Reisterstown Regional
Park owned and maintained by Baltimore County. The facility currently utilizes four storm water
management facilities to treat its runoff. The site has approximately 1,500 feet of stream without
adequate forest buffer. Additionally, the site has 3.5 acres of forest gap that can be planted in the
southern portion of the parcel. An additional two acres of space is available west of the ball fields.
Together, the planting sites expand 12.5 acres of forest but do not expand forest interior.

Area for forest

gap planting
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Figure 4-32: PAA_S_0501 has opportunity to plant in an insufficient stream buffer, increase existing forest, and close an
exterior forest gap (photo)

PAA_S_0502

Located off of Cockeys Mill Road and straddling the Keyser Run and Norris Run subwatersheds,
PAA_S 0502 is a narrow piece of land between I-795 southbound and a lumber/milling yard. The property
is used as an easement for Baltimore Gas and Electric power lines. Due to the presence of the power lines,
there is no potential for restoration and this site was not assessed further.

Figure 4-33: PAA_S_0502 is an easement for power lines and was not assessed for restoration opportunities

PAA_S_0503

Located off of Cockeys Mill Road in the Keyser Run subwatershed, PAA_S_0503, is a 49.5 acre lot owned
by Baltimore County. There is approximately 24 acres of open space with the potential for planting
depending on desired land use. The parcel is zoned agricultural and currently appears to be at least
partially used for agricultural purposes. Further investigation would determine the extent of land being
actively cultivated. If all of the open space is being used for crops, trees will likely not be planted on the
parcel. This would give the area a low priority. If, however, there is open space that is not being cultivated
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than the parcel would be a high priority area due to the potential to minimize an exterior forest gap and
expand the buffer along approximately 570 feet of stream.

Figure 4-34: PAA_S_0503 is a Baltimore County owned parcel that is partially farmed as seen from the view from Cockeys Mill
Road. (Source, right: Google Map)

PAA_S_0701

Located in the Norris Run subwatershed, PAA_S 0701, is a 3.6 acre lot owned by Baltimore County located
behind Bensmill Court in the Stone Mill development. There is approximately 0.5 acres of open space with
potential to plant. This open space has the potential to minimize an exterior forest gap. While this site is
located on public land, the small area available for planting makes the site a low priority.

A

Potential
Planting Area

Figure 4-35: PAA_S_0701 is owned by Baltimore County and has the potential for tree planting in open space behind the Stone
Mill development.

PAA_S_0901

Located in the Timber Run subwatershed off of Saffell Road, PAA_S 0901 is a 14.6 acre property privately
owned by the Green Valley Swim Club. Approximately 4.55 acres of the property is already under a Forest
Conservation Easement (represented as hatching in Figure 4-36). There is opportunity to plant
approximately 1 additional acre of trees beyond the existing conservation easement to further expand

192



Liberty Reservoir (Area S) Parsons Brinckerhoff
Watershed Characterization March 2015

the forested stream buffer. Plantings should be chosen with the intention to not block the line of sight
from the building to the tennis courts. There are overhead power lines running across the mowed open
space of the property, further limiting planting opportunities. There is also potential for storm water
management retrofit to treat portions of the parking lot.

Potential SWM
Facility

Figure 4-36: PAA_S_0901 is a privately owned parcel with potential for buffer expansion beyond the existing conservation
easement and SWM retrofit

PAA_S_1101

Located off of Deer Park Road in the Liberty Reservoir-F subwatershed, PAA_S_1101 is a privately owned
swim club in the neighborhood of Folly Quarter. The parcel has 2 acres of open space that is available for
potential plantings. Proposed tree plantings would not expand interior forest or exterior forest gap; and
therefore, the site is of low priority.

Figure 4-37: PAA_S_1101 is a privately owned swim club with potential for tree planting in the open space behind the
swimming facility
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PAA_S_1201

Located in the Chimney Branch subwatershed, PAA_S 1201 is an 8.1 acre parcel privately owned by the
Knights of Columbus. The parcel is located off of Stang Road, east of Wards Chapel Road, and is bordered
to the north by the Soldiers Delight Natural Environmental Area. There is 0.5 acres of open space located
adjacent to the Soldiers Delight land that is potentially available for tree planting. This planting will
minimize the existing exterior forest gap. Planting this area will also expand existing forest but will not
expand interior forest land. There are no streams within the parcel limits and no opportunities for storm
water retrofit.

Potential tree planting
down the slope
behind the structures

Figure 4-38: PAA_S_1201 is located adjacent to the Soldiers Delight Natural Environment Area and has open space with
potential for tree planting between the structures and the wood line

PAA_S_1401

Located off of Deer Park Road in the Locust Run subwatershed, PAA S 1401 is the Under Armour
Performance Center for the Baltimore Ravens. The parcel is owned by Baltimore County and currently has
three storm water management facilities to treat runoff. The parcel is also bordered by the Soldiers
Delight Natural Environmental Area to the north. There are 24 acres available for tree planting, which
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would expand existing forest and minimize exterior gaps. In addition, there is approximately 400 feet of
stream on the property with inadequate forest buffer that has the potential for tree planting.

Potential for
tree planting

Figure 4-39: PAA_S_1401 is publicly owned and bordered by Soldiers Delight to the North. The site has potential for tree
planting

PAA_S_1402

Located in the Locust Run subwatershed on the border of the Liberty Reservoir watershed with the
Gwynns Falls watershed, PAA_S_1402 is the county managed Northwest Regional Park. The site currently
treats its runoff with three existing storm water management facilities. Four open space locations on the
site totally approximately 3.5 acres have the potential for tree planting. Three of these sites would expand
continuous forest but not forest interior, and one of the sties would minimize an existing forest gap. The
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streams on this site already have adequate forest buffer. Therefore, this site is a low priority for

restoration.

Figure 4-40: PAA_S_1402 is a county park with potential planting opportunities throughout the site

Prioritization of Tree Plantings on Pervious Areas

Each site was given a Restoration Score derived by a point system of the parameters discussed in Section

4.5.1. The maximum score is 100 (greatest restoration benefit), while the minimum score is 5. Restoration

scores for Liberty Reservoir PAAs range from 5 to 80. The highest scores go to large, public lands with

streams, while the lowest scores go to small, private land removed from streams and forested areas. To

comply with the Chesapeake Bay Total Maximum Daily Load (TMDL), Baltimore County must plant trees

in stream buffer areas to decrease nutrient and sediment transport to the waterways, making sites with

streams a higher priority. Decreasing forest fragmentation is also paramount in protecting the populations

of native species, including neo-tropical migrating birds. See Table 4-13 for prioritization results.

Table 4-13: Liberty Reservoir PAA Restoration Priority

PAA Restoration Score Priority
PAA_S_0501 80 High
PAA_S_0503 70 High
PAA_S_1401 65 Medium
PAA_S_1402 40 Low
PAA_S_0701 35 Low
PAA_S_1201 25 Low
PAA_S_0901 10 Low
PAA_S_1101 5 Low
PAA_S_0502 N/A N/A

4.6 Other Upland Areas
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4.6.1 Forested Land

The most prominent land use within the Liberty Reservoir watershed is forest (deciduous, evergreen, and
mixed) making up 42% of the area or approximately 6,929 acres. Forested land was not included in the
upland assessments but it has a large impact on stream health and water quality. Forest buffers along
streams prevent pollution from entering receiving waters, stabilize stream banks, provide habitat and
food for wildlife, and help keep water temperatures cool. The most beneficial management practice for
forested lands is conservation, ensuring that the ecological advantages provided by forest and canopy are
preserved.

4.6.2 Soldiers Delight

Soldiers Delight NEA is comprised of 1,900 acres of serpentine barren, which is the largest serpentine
barren in the state. This area contains over 29 rare, threatened, or endangered plant species which are
currently being threatened by an invasion of Virginia Pine. Maryland Department of Natural Resources
(DNR) is actively removing the invasive species through controlled burns within the area (DNR, 2014a).
The site includes seven miles of marked trails, a visitor’s center, and various family-friendly activities. DNR
has also implemented a deer management program at Soldiers Delight. The program includes expanding
the annual managed hunting program to control the increasing deer population at sustainable levels, as
the current levels threaten many of the rare, threatened, and endangered species found in the NEA. A
significant portion, 1,296 acres or 68%, of Soldiers Delight NEA falls within the Liberty Reservoir
watershed.

4.6.3 Camp Fretterd

Camp Fretterd is a 586 acre Maryland Army National Guard training facility, 98% of which is located within
the Liberty Reservoir watershed. This facility encompasses approximately 4% of the Cliffs Branch
subwatershed and 22% of the Glen Falls Run subwatershed with multiple stream segments running
through the property. The facility is currently taking steps to insure proper stormwater management. The
facility operates six stormwater management facilities, which treat approximately 35% of the impervious
area on the property. While all vehicles are stored outdoors, each vehicle is stored with a drip pan to catch
any leaks. In addition to fueling stations, the facility has fuel transport vehicles; these vehicles are stored
outdoors within secondary containment berms, and no vehicles are washed onsite. Approximately 93%
of the 5.9 miles of streams on the property have a 100 foot forest buffer, and practices are in place to
minimize guard activities near waterways. The facility coordinates with DNR to manage the deer
population on site. Approximately 2 acres have already been reforested by the facility and an approximate
5.4 acres are potentially available for future restoration.

4.6.4 Baltimore City Owned Reservoir Land

Baltimore City owns and manages land surrounding Liberty Reservoir in an effort to protect the drinking
water supply for residents in Baltimore City and surrounding counties. This protected land accounts for
approximately 2,105 acres within Liberty Reservoir watershed. This land was not included in the upland
assessment but it has a large impact on water quality within the reservoir. Nearly all the land in this area
is forest or wetlands, providing a buffer along the edge of the reservoir to decrease pollution from
entering the waterbody.
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CHAPTER 5: RESTORATION AND PRESERVATION OPTIONS

5.1 Introduction

This chapter presents an overview of the key management practice recommendations for the Liberty
Reservoir watershed based on the information collected during both the office/desktop analysis and field
assessments. Due to distinct differences in runoff characteristics among different land uses, (i.e.
developed/residential and undeveloped/agricultural), the appropriate stormwater best management
practice (BMP) will vary by land use. For that reason, the management practices recommended in this
chapter are geared toward the rural nature of the Liberty Reservoir watershed, including residential,
agricultural, and forested areas. The chapter is divided into five sections: Municipal Capital Programs;
Municipal Management Programs; Volunteer Restoration Programs; Neighborhood, Business, and
Institutional Initiatives; and Citizen Awareness Activities. The sections were outlined based on the entity
controlling and performing the activities along with their funding and schedule requirements.

5.2 Municipal Capital Programs
Municipal capital programs are characterized as projects and purchases that Baltimore County can
undertake in the short term to improve water quality in the Liberty Reservoir watershed.

5.2.1 Stormwater Management Upgrades

The application of stormwater management practices varies according to various physical characteristics
such as impervious cover and land use makeup of the site or subwatershed. The most efficient method to
augment stormwater treatment is to convert existing stormwater facilities to a design with greater
pollutant removal capability, for example a dry detention pond to an extended detention pond or wetland.
This is referred to as a stormwater pond conversion. If enough land is available, the greatest benefit would
be to construct a new facility, designed with current state of the art technology, to reduce pollutants to
the maximum extent practicable. However, a developed subwatershed seldom has sufficient open space.
Instead there are options available to put treatment systems directly in the storm drain system. Many
packaged systems are available through the retail market and are explained further below. Additional
sites in alleys and adjacent to parking lots can offer treatment of large amounts of impervious surface.
Also, new research in porous concrete and asphalt may offer the potential for additional reductions in
impervious cover on public and private properties.

Most of the Liberty Reservoir watershed was developed prior to the passage of the Stormwater Act of
2007 in Maryland requiring more robust environmental site design. Stormwater retrofitting involves
implementing stormwater BMPs and/or treatment devices in existing developed areas where previous
practices did not exist or were ineffective to help improve water quality. Stormwater retrofits improve
water quality by capturing and treating runoff before it reaches receiving water bodies. Retrofits target
specific objectives depending on BMP type including stormwater quality, soil stabilization, stormwater
flow control, and stream restoration. Several considerations must be taken into account to select
appropriate stormwater treatment measures such as space requirements, cost, and community
acceptance. Based on initial field and desktop evaluations, the following stormwater retrofit categories
are recommended for addressing water quality issues in the Liberty Reservoir watershed through
municipal capital programs: stormwater management conversion and retrofit, storm drain inlet and
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outfall retrofits, and public parking retrofits. Each of these categories is described briefly in the sections
below.

5.2.1.1 Stormwater Facility Conversion and Retrofit

The majority of the Liberty Reservoir watershed is largely undeveloped consisting of agricultural cropland
and forest. Many of the developed regions, were constructed prior to the Stormwater Act of 2007 and do
not include stormwater management facilities to treat stormwater runoff. This produces an excellent
opportunity to introduce new stormwater facilities to treat and manage runoff in developed areas.

Additionally, it is often observed that current stormwater management facilities can be converted to
increase effectiveness. For example, dry detention ponds are typically designed for flood control and have
little or no pollutant removal capacity. These facilities have the greatest potential for conversion to an
extended detention pond, which is designed to capture and retain stormwater runoff to allow sediments
and pollutants to settle out while also providing flood control if necessary. Five dry ponds are located
within the watershed; however, none were assessed during the uplands assessment, and it is unknown if
there is potential for conversion to a wetland or extended detention facility at these locations.

5.2.1.2 Storm Drain Inlet and Outfall Retrofits

Baltimore County’s curb and gutter system consists of numerous inlets, pipes, and outfalls. While the curb
and gutter system removes stormwater quickly from roadways, it often delivers increased runoff volumes
and untreated pollutants to receiving water bodies. One way to address these potential water quality
issues is to install proprietary BMPs at selected storm drain inlets. Various structural BMPs are
commercially available and include catch basin inserts, water quality inlets, oil/grit separators, filtering
devices, and hydrodynamic devices. Proprietary BMPs are designed to address specific pollutants such as
floatables and solid waste, nutrients, metals, sediment, and oil/grease. Most are helpful for removing a
portion of pollutants for pretreatment when used in conjunction with another BMP type such as an
infiltration trench or a grassed swale for filtering pollutants upstream of an inlet.

While proprietary devices can be costly, they are water improvement alternatives for areas where there
is inadequate space for other stormwater management options. Inlets selected for proprietary devices
can be prioritized based on the county’s outfall screening program.

Where space exists between an outfall and the stream channel, other BMPs can be considered such as
floodplain wetlands and energy dissipation devices. Floodplain wetlands can provide treatment of storm
flows prior to entering the stream channel. Energy dissipation devices can reduce stream power and thus
erosive forces of storm flows prior to entering the stream channel.

5.2.1.3 Public Parking Lot Retrofits

The potential for installing new stormwater retrofits for treating runoff from existing developed areas is
often limited by space availability. However, BMPs that require less space for treating runoff from portions
of impervious surfaces can be an alternative to larger storage facilities such as wetlands and extended
detention ponds. In areas where insufficient space is available for basin-scale retrofits, other
infiltration/filtration practices such as bioretention can be incorporated into the parking lot layout.
Bioretention involves open space combined with vegetated areas where stormwater is temporarily stored
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and passed through vegetation and a filter bed of sand, organic matter, soil, or other suitable media.
Filtered stormwater is collected and returned to the storm drain system or allowed to partially exfiltrate
from the system into the soil. A few public and private facilities were identified as having sufficient open
space for bioretention areas to treat runoff from parking lots. Another retrofit option for treating runoff
from large impervious surfaces with limited open space is underground stormwater retention/infiltration
systems. Underground stormwater retrofits help address sediment and nutrient inputs to the stream
system as well as standing water.

5.2.2 Stream Corridor Restoration

Stream corridor restoration practices are used to enhance the appearance, stability, and aquatic function
of stream corridors. These types of practices can range from simple stream clean-ups and localized bank
stabilization to comprehensive repairs such as channel re-design and re-alignment. Stream restoration
practices are often combined with stormwater retrofits and riparian management practices to meet
subwatershed restoration objectives. Primary recommended practices for Liberty Reservoir stream
corridors include buffer restoration, stream stabilization, and stream clean-ups.

5.2.2.1 Forest and Buffer Improvement

Forest and wetlands are the best land use for the protection of water quality. The Liberty Reservoir
watershed is covered with over 42% forest and may provide opportunities for planting. Forested buffers
are linear wooded areas along rivers, streams, and shorelines, which help stabilize banks, prevent erosion,
filter pollutants such as sediment and nutrients, provide wildlife habitat, and may provide opportunities
for expanding and enhancing forest coverage. Many areas within the Liberty Reservoir stream system
have inadequate buffers as a result of human development activities and agricultural clearing. A
significant amount of the watershed has been altered and as a result, the original forested stream buffer
has been replaced by cropland, pasture, mowed lawn areas, and impervious cover.

The main restoration strategy proposed for the Liberty Reservoir watershed is to conserve and enhance
forests and impacted stream buffers. This can be accomplished by a variety of methods including:

e Planting on residential and open space properties with native vegetation — Institutions and
residential communities should reduce the amount of mowed grass and plant additional native
trees.

e Land Preservation — Forest protection is one reason for pursuing a property as part of the county’s
land preservation programs. Benefits to water quality are a part of the evaluation criteria in
determining the most important parcels for protection.

o Targeted reforestation and education — Agencies and other watershed partners should seek to
work cooperatively with landowners to help them plant buffers where possible. Increase
landowner awareness (residents, businesses, and institutions) regarding the benefits of stream
buffers that are forested or planted with native vegetation In addition to providing water quality
benefits, natural buffers help to protect property from erosion. There is a need for attention in
this area, as it was observed that many landowners mow their lawns directly to the stream edge.
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Trash dumping and yard waste in neighborhoods, along roadways, and in commercial areas could
be addressed as well.

e |nvasive species control — Invasive and non-native plant species such as multiflora rose were
identified in various locations within the watershed. Invasive species concerns can be addressed
through public education, training of county grounds maintenance staff, and developing a
volunteer group dedicated to controlling invasive species in the watershed.

5.2.2.2 Stream Stabilization

Natural channel design techniques are utilized to stabilize eroded, degraded stream banks and to protect
infrastructure such as private property, buildings, and utilities. Stabilizing the stream channel improves
water quality by preventing eroded soils, and the pollutants contained in them, from entering the stream.
In addition, protecting infrastructure such as water and storm drain pipes reduces and/or eliminates water
quality impacts associated with leaking pipes. Where conditions allow, reconnecting the stream channel
to its floodplain provides additional water quality benefits. When considering stream repair, it is important
to take into account what is occurring upstream in the watershed. The hydrology and stormwater
management practices upstream of a restoration site will dictate the quantity and speed runoff will reach
a site. In addition, the sediment supply of the upstream channel is also an important consideration during
the design of stream restoration repairs.

5.2.2.3 Wetland Creation

Wetlands are highly valuable lands in terms of their abilities to both improve water quality and as
important habitat for many species. Wetlands are defined as areas that are inundated or saturated by
surface or groundwater at a frequency sufficient to support, and that under normal circumstances do
support, a prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands are
often called swamps, marshes, or bogs. This strategy entails the creation or enhancement of existing
wetlands that have been lost or impaired in the past. The County often undertakes wetland restoration
on public lands where wetlands have been destroyed or impaired as well as partnering with businesses
and institutions where wetland restoration is a viable option.

5224 Floodplain Reconnection

Floodplains provide not only flood control, but have stormwater management and water quality benefits.
Flooding is a natural process in stream systems and a functioning floodplain enables runoff to be slowed,
stored, and gradually released along a vegetated surface. This promotes shallow groundwater recharge,
increases pollutant reduction, and reduces the velocity and volume of water to the downstream channel.
With a reduction in storm flow velocities, floodplains also aid in erosion control. This strategy involves
reconnecting floodplains in areas where development has resulted in disconnection. The County aims to
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restore natural stream and floodplain function on an individual project basis focusing on urban stream
problems.

5.2.3 Pervious Area Restoration

Pervious areas offer a good opportunity for restoration in subwatersheds since they can be used to restore
natural infiltration properties, enhance stream buffers, and provide wildlife habitat. These areas also
present an opportunity for reforestation in the watershed, which is a high priority in terms of improving
infiltration and recharge functions. Other techniques can also be used to improve natural functions
including soil aeration, amendments, and establishing native plants and meadows. Sites prioritized for
pervious area restoration should require minimal preparation for reforestation or regeneration with little
evidence of soil compaction, invasive plant species, and trash/dumping.

5.3 Municipal Management Programs
Municipal management programs are longer-term or continuous actions that Baltimore County can take
to improve water quality in the Liberty Reservoir watershed.

5.3.1 Best Management Practices for Developed Land

Development throughout the watershed is largely responsible for increased pollutant loads and storm
flow rates. Best management practices can be adopted in order to reduce the impacts of development
and restore the quality of receiving waters.

5.3.1.1 Trash Management/Education

Dumping of bulk materials was noted during the upland and stream assessments. Existing trash initiatives
include Adopt-A-Road, inmate roadside cleanups, and Clean Green 15. Watershed associations organize
many stream cleanups throughout the county. Project Clean Stream, the Alliance for the Chesapeake Bay's
annual region-wide stream clean up event engaged 7,500 volunteers at over 250 sites at its 2014 event.
Implementing more municipal practices and programs related to trash management/education in the
Liberty Reservoir watershed would improve water quality and aesthetics of the watershed.

A county-wide Trash and Litter Reduction Strategy is being developed by EPS in conjunction with other
county departments to address litter. It will provide the foundation for future Trash Total Maximum Daily
Load (TMDL) Implementation Plans.

53.1.2 Tree Planting

Several opportunities for reforestation and buffer improvement were identified during the field
assessments, including for planting of shade trees in various neighborhood open spaces, as well as open
pervious areas, stream buffers, and institutions throughout the watershed. For smaller planting projects,
citizens can purchase trees at low cost through the MD Department of Natural Resources (DNR's) Tree-
mendous Maryland program for planting on community open spaces and public lands, or through the
county's Big Trees program for planting on private residential yards. For planting on larger properties,
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especially for reforestation greater than one acre, citizens can contact EPS about opportunities for
reforestation "turf-to-trees" projects funded through the stormwater remediation fees. These projects
cover site preparation, planting, deer shelters, and monitoring and maintenance for three years.

5.3.1.3 Inlet Cleaning

Over time, solids in stormwater runoff collect in storm drains and inlets. As solids accumulate in an inlet,
they are susceptible to downstream transport during larger storm events, contributing to pollution in the
Liberty Reservoir watershed. A study conducted by the University of Maryland, Baltimore County (UMBC)
and the Center for Watershed Protection as part of the United States Environmental Protection Agency
(USEPA) Chesapeake Bay Program (CBP) concluded that annual or semi-annual cleaning of storm drain
inlets can significantly increase solids removal rates (18-35%) while also contributing to nitrogen and
phosphorus removal (Law, 2008). The Department of Public Works cleans inlet grates on a routine basis
(EPS, 2013). Inlet boxes and pipes are cleaned as needed. Inlet cleaning at regular intervals can reduce
pollutant loads in the watershed, reduce flooding and help locate illicit discharges in the storm sewer
system.

5.3.1.4 Erosion and Sediment Control

Construction activities near storm drain systems were observed during the field assessments. Erosion and
sediment controls are vital to prevent soil and other pollutants from entering the storm drain system or
nearby streams. Follow-up inspections and improvements to substandard erosion and sediment control
practices at construction sites are implemented and enforced by the Baltimore County Department of
Permits, Approvals, and Inspections to prevent sediment and other pollutant inputs from entering into
the storm drain system and stream network.

5.3.1.5 Dry Weather Discharge Prevention

Baltimore County’s illicit connection detection and elimination program targets dry weather flows into
the storm drain system, which contain significant pollutant loads. Examples include illicit discharges,
sewage overflows, or industrial and transportation spills. Dry weather discharges can be continuous,
intermittent, or transitory. Resulting water quality problems can be extreme depending on the volume
and type of discharge. For example, sewage discharges include bacteria and can directly affect public
health while other discharges such as oil, chlorine, pesticides, and trace metals can be toxic to aquatic life.
Dry weather discharge prevention focuses on four major sources that can occur in a subwatershed as
described briefly below:

o lllicit Sewage Discharge: When septic systems fail or when sewer pipes are mistakenly or illegally
connected to the storm drain pipe network, sewage can get into streams. Sometimes sewage is
directly discharged to a stream or ditch without treatment or illegally dumped into the storm
drain system from boats or RVs.

e Commercial and Industrial lllicit Discharge: Some businesses mistakenly or illegally dispose of
liguid wastes that can adversely impact water quality into the storm drain system. Examples
include hotspots where materials such as oil, paint, and solvents are improperly disposed, where
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businesses’ drains are directly connected to the storm drain system, or where untreated wash
water or process water is dumped into the storm drain system.

e Industrial and Transport Spills: Pollutants can enter the storm drain system as a result of ruptured
tanks, pipeline breaks, accidents/spills, or illegal dumping. These events are more likely to occur
in urban subwatersheds and may result in potentially hazardous materials reaching streams
through the storm drain system.

e Failing Sewage Lines: Sewer lines often follow the stream corridor. If they leak, overflow, or break,
sewage will be discharged directly into the stream. The frequency of failure depends on the age,
condition, and capacity of the existing sanitary sewer system. This is not a major concern for the
Liberty Reservoir watershed as the majority of the watershed (93%) falls outside the Urban Rural
Demarcation Line (URDL) and does not have access to sanitary sewer lines.

5.3.2 Land Preservation

Land preservation compliments the implementation of BMPs by insuring that specific non-urban land uses
remain intact over time on specific parcels of land. Land preservation includes areas such as parks and
watershed protection zones where non-extractive uses are prevalent, as well as areas that are intensively
managed for agriculture.

Land preservation parcels may be large (i.e. parks) or small (i.e. single farm). Land preservation reflects
societal priorities and decisions to limit urban and residential development, and provides broad benefits.
However, land preservation alone may or may not attain certain environmental goals, such as improved
water quality.

“Protected land” includes any land with some form of long-term limitation on conversion to
urban/developed land use. This protection may be in various forms: public ownership for natural resource
or low impact recreational intent (i.e. park), private ownership where a third party acquired the
development rights or otherwise required the right to limit use through the purchase of an easement (i.e.
conservation easement). The extent of “protection” varies greatly from one situation to the next.
Therefore, for some protected land, it may be necessary to explore the details of land protection parcel-
by-parcel through the local land records office to determine the true extent of protection.

For purposes of watershed management, an understanding of existing protected lands can provide a
starting point in prioritizing potential protection and restoration activities. In some cases, protected lands
may provide opportunities for restoration projects because owners of these lands may value natural
resource protection or enhancement goals. A summary of current conservation easements is provided in
Chapter 2, Section 2.3.10.1.

Maryland and County Rural Legacy Program
Baltimore County participates in the State Rural Legacy Program which was developed in 1997 to protect

large, continuous tracts of valuable cultural and natural resource lands through grants made to local
applicants. Baltimore County’s Rural Legacy Program aims to protect large blocks of forest, wetlands,
farms, and other open spaces that are of significant ecological value as habitat for rare, threatened, and
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endangered species and to preserve the environmental benefits that these areas provide to the
Chesapeake Bay.

Maryland Environmental Trust (MET) and Local Land Trusts
Created by the Maryland General Assembly in 1967 to protect Maryland’s natural environment, the

Maryland Environmental Trust (MET) seeks donated easements on farms and forestlands, wildlife
habitats, waterfront acreages, natural areas, historic sites, and other valuable and scenic features. In 1974,
a landowner in Baltimore County was one of the first to protect their property through this program.
Today, Baltimore County remains a leader in the state, with county landowners preserving over 12,000
acres through donations. Although both MET and local land trusts prefer to accept donations on lands
greater than 50 acres, local land trusts are often willing to work with smaller property owners. Donations
are accepted throughout the year. Landowners may qualify for a significant tax deduction and/or credit.
MET also provides loans to qualified groups for the purchase of land for preservation.

Baltimore County Agricultural Land Preservation Program
The Baltimore County Agricultural Land Preservation Program was developed in 1994 to preserve working

family farms. The County has used innovative and collaborative funding mechanisms for land
preservation. Eligible farms must be at least 50 acres in size or 20 acres if contiguous to an existing
easement and meet certain soil criteria. Currently, approximately 3,300 acres of land are preserved
through this program.

Maryland Agricultural Land Preservation Foundation (MALPF) Easements
This program is a joint effort between the state and the county and is the main agricultural land easement

program in Baltimore County. The program has been in existence since 1977 and aims to preserve
sufficient agricultural land to maintain a viable local base of food and fiber protection for the present and
future citizens of Maryland and protect and enhance the environmental quality of wildlife habitat and the
Chesapeake Bay. MALPF also preserves forested properties. Development on the easements (both forest
and farm) is restricted.

DNR Land Conservation Easements
DNR holds conservation easements over land including the state park service. In the Liberty Reservoir

watershed, the DNR maintains the Soldiers Delight Natural Environment Area which is 1,900 acres and
preserved under State Wildlands Status for nature appreciation and outdoor adventures.

Local Land Trusts
Local land trusts are another method of land conservation whereby the landowner may donate or sell

part of their land to a land trust as a conservation easement. Many of the lands held by local land trusts
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are co-held with one of the aforementioned programs. In the Liberty Reservoir watershed there is one
local land trust operating: the Land Preservation Trust.

5.3.3 Best Management Practices for Agricultural Land

Agricultural land makes up approximately 25% of the Liberty Reservoir watershed. The Maryland
Agricultural Water Quality Cost-Share (MACS) Program encourages implementation of agricultural BMPs
by providing farmers with grants that cover up to 87.5 percent of the installation cost. Approximately 30
different BMPs are eligible for MACS grants. Funding is also available through various federal programs.
Eligibility of the grants requires the practice to address and treat Nonpoint Source (NPS) pollution related
to agricultural sources and be located on a farm.

5.3.3.1 Farm Conservation Plans

Farm conservation plans are agronomic, management, and engineered practices that protect and improve
soil and water quality. They also aim to prevent the deterioration of natural resources on a farm. Plans
include best management practices to manage the farm’s resources, control soil erosion, and protect
water quality. The Maryland Department of Agriculture refers to these plans as Soil Conservation and
Water Quality Plans (SCWQP). These plans are required by the Federal Food Security Act on all highly
erodible lands and farmland enrolled in the Maryland Agricultural Land Preservation Foundation Program.
A number of the BMPs considered in conservation plans are listed below.

Cover Crops
Implementation of cover crops improves water quality by recycling unused plant nutrients and protecting

fields against wind and water erosion. This practice also increases the productivity of farmland and
improves the soil for the next season’s crops. Maryland nutrient management regulations require farmers
to plant cover crops when organic nutrient sources are applied to fields in the fall. Grants are available to
offset the costs of seed, labor, and equipment through the Maryland Agricultural Water-Quality Cost-
Share (MACS) Program and are funded by the Chesapeake Bay Restoration Fund and Chesapeake Bay
2010 Trust Fund. For 2014, MACS allocated approximately $20 million towards the cover crop program.
Guidelines and conditions determine the amount of incentive payments to be paid and applications must
be submitted during specified times at soil conservation district offices statewide to be considered.

Conservation Tillage
Conservation tillage entails planting and growing crops with minimal disturbance to the surface soil. One

form of conservation tillage is no-till farming where the crop is seeded directly into vegetative cover or
crop residue with very little disturbance of the surface soil. Additionally, minimum tillage farming involves
some soil disturbance, but uses tillage equipment that leaves much of the vegetation cover or crop residue
on the surface. Conservation tillage requires two components: a minimum 30% residue coverage at the
time of planting and a non-inversion tillage method. There are no cost-share measures for conservation
tillage; however, the State of Maryland offers income tax subtraction modification to offset the costs
associated with buying certain types of conservation tillage equipment.

Agricultural Riparian Forest/ Grass Buffers

Riparian forest buffers are wooded areas along streams that help filter nutrients, sediments and other
pollutants from upland areas and help remove nutrients from groundwater. Forest buffers also help
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control flooding and reduce erosion while creating habitat for wildlife. Mature forested buffers can help
remove up to 90 percent of nutrients running off the land. Ideally, forested buffers extend 100 feet along
each bank but 35 feet at a minimum.

Like forest buffers, riparian grassed buffers are linear strips of maintained grass or other non-woody
vegetation between the edge of field and streams. Grass buffers help filter nutrients, sediments, and other
pollutants from runoff and remove nutrients from groundwater.

Cost-share grants are available for planting riparian forest and/or grassed buffers through the MACS
program and United States Department of Agriculture’s (USDA’s) Conservation Reserve Enhancement
Program (CREP).

Animal Waste Management
Animal waste management programs are designed to ensure the proper handling, storage, and utilization

of wastes generated from animal operations. This requires collecting, scraping or washing wastes and
contaminated runoff from confinement areas into appropriate facilities. Controlling runoff from these
areas is an integral part of the management system.

The Maryland Department of Agriculture (MDA) promotes a manure transport and matching program that
helps livestock producers with excess manure comply with their nutrient management plans and
transport the excess manure in an environmentally safe manner. There is a cost-share assistance program
to help farmers cover the cost of transporting the manure. This helps protect water quality in streams and
rivers.

Stream Protection with Fencing
Under Maryland’s new nutrient management regulations, as of January 1, 2014, livestock access to

streams is to be restricted by a minimum 10 foot setback. Fencing is not required under this regulation,
however it may be the only option. Stream protection with fencing limits livestock access to streams and
protects the stream buffer which may be planted. Cost-share grants are available for planting riparian
forest and/or grassed buffers through the MACS program and USDA’s Environmental Quality Incentives
Program (EQIP).

Off Stream Watering
Creating alternative watering facilities for livestock through permanent or portable water troughs placed

away from stream corridors improves water quality and prevents stream bank erosion. By removing
livestock from the stream corridor, vegetative cover along the stream is protected, preventing erosion
and pollution from nutrients, sediments, and animal wastes. Cost-share for watering facilities is available
through the MACS program.

5.3.3.2 Nutrient Management Plans

As a result of 1998 legislation and the Water Quality Improvement Act, all Maryland farmers grossing
$2,500 or more annually or raising 8,000 pounds or more of live animal weight are required to produce
and operate using a nutrient management plan that addresses nitrogen and phosphorus inputs (MDA,
2014). These plans aim to specify the amount of nutrient sources (fertilizer, manure, etc.) that can safely
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be applied to farmland in order to achieve yields and prevent excess nutrients from entering waterways.
The MDA currently monitors the implementation of these plans and issues penalties and fines for
violations. Currently, there are no cost-sharing opportunities from MDA for nutrient management plans.

5.3.3.3 Federal Financial Assistance

A number of funding opportunities are available through the Natural Resources Conservation Service
(NRCS) to manage natural resources in a sustainable manner (NRCS, 2014). Under the 2014 Farm bill,
there are currently three different programs for financial assistance to help agricultural producers make
and maintain conservation improvements on their land. The former Wildlife Habitat Incentive Program
(WHIP) is now part of the Environmental Quality Incentives Program (EQIP) that provides financial and
technical assistance to agricultural producers to implement conservation practices and deliver
environmental benefits. There is also the Agricultural Management Assistance (AMA) program that helps
agricultural producers use conservation to manage risk and solve natural resource issues. This program is
available in 16 states including Maryland. Finally, there is the Conservation Stewardship Program (CSP)
that helps agricultural producers maintain and improve their existing conservation systems. CSP payments
are earned based on conservation performance — the higher the performance, the higher the payment.
All of these programs must be applied for through the USDA.

5.4 Volunteer Restoration Programs
Volunteer restoration programs include activities or projects conducted by volunteers and volunteer
organizations such as a watershed improvement group.

5.4.1 Stream Cleanups

Stream clean-ups are a simple practice used to enhance the appearance of the stream corridor by
removing unsightly trash, litter, and debris. These are usually performed by volunteers and are one of the
most effective methods for generating community awareness and involvement in watershed activities.
Public outreach tools should be used to encourage and inform residents about organizing stream clean-
ups.

5.4.2 Tree Planting

As previously mentioned, a number of open space planting opportunities are present in the Liberty
Reservoir watershed, offering an opportunity to apply for municipal tree planting programs including
Maryland’s State Highway Association (SHA’s) “Partnership Program” and DNR’s “Tree-mendous
Maryland” program to help reforest public lands within the watershed. These types of programs also
provide an opportunity to involve volunteers from various neighborhoods, businesses, and schools to help
plant trees throughout the watershed while educating the community about the importance of trees for
air and water quality benefits.

5.4.3 Storm Drain Marking

Most of the developed areas in the Liberty Reservoir watershed consist of curb and gutter systems
including storm drain inlets that convey stormwater runoff quickly and directly to the stream system.
Some inlets have grates with storm drain marking but many inlets do not have any indicators that they
drain to the local streams. Since there is little or no infiltration of stormwater in a curb and gutter system,
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there is more potential for pollutants to be carried to the stream system. Storm drain marking is a way to
educate residents that anything building up along the curbs and gutters such as trash and lawn clippings
will be washed away after a storm event and end up in the streams.

5.5 Business and Institutional Initiatives
Business and institutional initiatives include activities that are available for commercial businesses and
institutions to undertake in order to improve water quality in the area.

5.5.1 Impervious Cover Removal

Impervious surfaces including roads, parking lots, roofs, and other paved surfaces prevent precipitation
from naturally seeping into the ground. Stormwater runoff from impervious surfaces is often
concentrated, accelerated, and discharged directly to the storm drain system or nearest stream. This can
result in erosion, flooding, habitat destruction, and increased pollutant loads to receiving water bodies.
Subwatersheds with high amounts of impervious cover are more likely to have degraded stream systems
and be significant contributors to water quality problems in the watershed than those that are less
developed.

Unused or unmaintained impervious surfaces with the potential for removal were identified at several
institutions. At sites where parking lots may be larger than necessary, portions of the impervious cover
could be removed and converted to bioretention areas for treating stormwater runoff from the remaining
impervious surfaces. Some institutions may also have parking areas that are not frequently used (e.g.,
cemeteries) and could be suitable for conversion to permeable pavement which allows some infiltration
of stormwater runoff while providing support for less frequent traffic/vehicle use. Several neighborhoods
have unpaved driveways, which allow some infiltration of stormwater runoff. However, completely paved
driveways were more common in the neighborhoods assessed during this study. Education and outreach
tools could be used to inform residents of the water quality impacts associated with large impervious
driveways or patios and options available for conversion to or incorporation of more permeable surfaces
such as grass strips, gravel, or permeable pavers.

5.5.2 Potential Redevelopment of Urban Areas

Natural areas that are developed into impervious urban landscapes result in an increase in runoff and
pollutant loading. Redeveloping these urban areas back into a more natural setting can provide nutrient
load reductions. In the Water Resources Element of its Master Plan 2020, Baltimore County has analyzed
redevelopment scenarios and identified potential land for redevelopment in each of its watersheds.

Urban watersheds developed prior to modern stormwater regulations have fewer or no stormwater
management facilities to capture and treat stormwater runoff. As businesses and property owners choose
to redevelop properties that already have high amounts of impervious cover, they must meet
redevelopment regulations in Baltimore County requiring a 50% reduction in impervious surface or
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inclusion of equivalent stormwater quality management facilities. Limited opportunity for redevelopment
exists in Liberty Reservaoir.

5.5.3 Pervious Area Restoration

Most of the institutions assessed in Liberty Reservoir had opportunities for reforestation which would also
require less ground maintenance than mowed lawn and improve energy efficiency. Parcels meeting these
criteria are good candidates for follow-up investigations and landowner contact.

5.5.4 Stormwater Retrofits
The following represent stormwater retrofits that can be undertaken by private entities to positively affect
water quality.

5.5.4.1 Parking Lot

A few institutions were identified as having sufficient open space for bioretention areas to treat runoff
from impervious areas. Another retrofit option for treating runoff from large impervious surfaces with
limited open space is underground stormwater retention/infiltration systems. Stormwater retrofits would
help address sediment and nutrient inputs to the stream system.

5.5.4.2 Downspout Disconnection

Downspouts directly connected to the storm drain system or draining to impervious surfaces such as
parking lots, sidewalks, or the curb and gutter system increase the volume and flow rate of pollutant-
laden runoff reaching streams. Disconnected downspouts allow rooftop runoff to infiltrate into the
ground and enter streams through the groundwater system in a slower more natural fashion. This
decreases flow to local streams during storm events and helps prevent erosion and reduces pollutant
loads to streams. Disconnecting downspouts in commercial corridors is an inexpensive way to improve
water quality in the Liberty Reservoir watershed.

5.5.5 Open Space Planting

Several opportunities for reforestation and buffer improvement were identified during the field
assessments including open space shade tree plantings in various open pervious areas and institutions
throughout the watershed. This presents an opportunity to apply for municipal tree planting programs
including SHA’s Partnership Program and DNR’s Tree-Mendous Maryland program to help reforest areas
of the watershed.

Tree-Mendous Maryland coordinates the free delivery of trees to citizens and community groups, and
provides an inexpensive way to obtain trees and shrubs for planting on public lands and within community
open spaces. These types of programs also provide an opportunity to involve volunteers from various
neighborhoods, businesses and schools to help plant trees throughout the watershed while also educating
the community about the importance of trees for air and water quality benefits.

5.5.6 Pollution Source Control
Hotspots are commercial, industrial, municipal, or transport-related operations in the watershed that
tend to generate higher concentrations of stormwater pollutants and/or have a higher risk of spills, leaks,
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or illicit discharges. Pollution prevention practices can significantly reduce hotspot pollution problems.
Local government agencies must adopt pollution prevention practices for their operations and lead by
example. This should be followed by inspection and incentive-based educational efforts for privately
operated sites with enforcement measures as a backstop. The ability to conduct such inspections and
enforcement actions should be clearly articulated in local codes and ordinances and through education
programs. As previously noted, some industrial/commercial sites are required to have National Pollutant
Discharge Elimination System (NPDES) permits for stormwater and/or wastewater discharges. While the
County assists with the identification of these sites, Maryland Department of the Environment (MDE) is
responsible for regulating industrial/commercial sites that are required to have NPDES permits. Another
potential program is to host workshops for local businesses that detail the permit requirements and how
to prepare pollution prevention plans.

5.6 Citizen Awareness Activities
Citizen awareness activities are actions that any resident or citizen in the Liberty Reservoir watershed can
take that would provide a benefit to water quality.

5.6.1 Pollution Prevention/Source Control Education

Residents often engage in behaviors that can adversely impact water quality. Some of these behaviors
observed during the assessment of neighborhoods in the watershed include over-fertilizing lawns,
excessive use of pesticides, improper storage of potentially hazardous materials (e.g., household cleaners,
paints, automotive fluid, etc.), and dumping into storm drains (e.g., wash water). Pollution
prevention/source control education efforts should also target waste management activities in the
watershed to address dumpsters located near storm drain inlets or streams without diversion methods,
poor dumpster conditions (leaking, overflowing, and uncovered), and the occurrence of trash dumping
in the watershed. Positive behaviors were also observed such as tree planting, disconnected downspouts,
and picking up pet waste which can help improve water quality. A pollution prevention program can be
designed to discourage negative behaviors and/or encourage positive behaviors. Either way, the goal is
to deliver a specific message through targeted education to promote behavior changes. Local watershed
organizations can help influence these changes using pollution prevention education and outreach to
teach citizens how to properly care for the watershed.

5.6.2 Trash and Recycling

Educating the public about the trash issues and impacts to water quality in the watershed through a trash
campaign is one way to address trash and dumping problems. Baltimore County has implemented a Clean
Green County initiative to encourage voluntary litter pickups. The County’s Single Stream Recycling
program launched in 2010 allows residents to set out all their recyclables for once-a-week collection. A
targeted campaign could be launched in the Liberty Reservoir watershed with a slogan and messages
tailored to the residents and issues in the study area. By adopting a slogan and campaign for the
watershed, residents will be aware of the issues and encouraged to take responsibility for the health of
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Liberty Reservoir in their communities. Public education and awareness can also be accomplished through
community clean-ups in neighborhoods or schools with observed trash management issues.

5.6.3 Environmental Awareness and Education

Community-based facilities present good opportunities for educating the public about water quality issues
and improvement methods for the watershed. This can be accomplished by implementing water quality
BMPs such as rain gardens and bioretention facilities at these sites. In addition to environmental
education, these BMPs have water quality and aesthetic benefits for property users. There is also potential
for involving the community through BMP installation and maintenance. Environmental education can
also be accomplished through water quality sampling and monitoring of stormwater management
measures such as wetlands and extended detention ponds at schools, for example. Buffer and tree
planting activities also present an opportunity for combining community involvement and environmental
education.
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5.6.4 Bayscaping

A “Bayscape” is a landscape using native plants to provide habitat for local and migratory animals, improve
water quality, and reduce the need for chemical pesticides and herbicides. Bayscaping plants, such as
trees, shrubs and perennials, are able to make better use of rain water than typical lawn grasses, and so
require less watering once established. They are also better at trapping and removing nitrogen and
pollutants from rain water so that it is not released into nearby water bodies. A Bayscape is also valuable
for the gardener or landowner because it offers greater visual interest than lawn, reduces the time and
expense of mowing, watering, fertilizing and treating lawn and garden areas, and can address areas with
problems such as erosion, poor soils, steep slopes or poor drainage.

5.6.5 Lot Canopy Improvement

Implementing programs that promote tree planting in residential yards and commercial open space can
increase overall tree canopy, slowing runoff rates and allowing greater infiltration of stormwater into the
ground. Tree roots also stabilize soils and provide wildlife habitat. Many of the neighborhoods assessed
in the Liberty Reservoir watershed had large lots with space available for tree planting.

Currently, Baltimore County hosts a Big Trees Sale in the fall and spring of each year featuring a selection
of native trees intended to be planted on private residential properties. The sale provides species such as
oaks and maples that grow taller and cast shade over a wider area than smaller trees. The trees help with
stormwater infiltration, erosion control, and pollutant reduction. The State of Maryland also has a
program called “Marylanders Plant Trees” that encourages citizens to plant and register trees. The
program provides $25 off coupons for trees on a recommended tree list valued at or above $50 at
participating nurseries and garden centers.

5.6.6 Downspout Disconnection

Approximately 9% of the neighborhoods assessed in the Liberty Reservoir watershed were recommended
for downspout disconnection. This is because many of the downspouts were directly connected to the
storm drain system or indirectly connected, draining to impervious surfaces such as driveways, sidewalks,
or the curb and gutter system. Disconnected downspouts allow rooftop runoff to infiltrate into the ground
and enter streams through the groundwater system in a slower more natural fashion. By using pervious
ground to intercept and infiltrate runoff prior to its entering a conveyance system (i.e. gutter, inlet, and
pipe), neighborhoods can be altered to mimic the predevelopment hydrology of the area to a greater
extent. This decreases flow to local streams during storm events and helps prevent erosion and reduce
pollutant loads to streams. Many of the typical lots in the Liberty Reservoir watershed have sufficient
room for rain gardens and can be implemented with homeowner outreach. Alternatively, redirecting
downspouts to pervious areas such as yards or lawns or to rain barrels were also viable options for
neighborhoods recommended for downspout disconnection.

Rain gardens are the most desirable option in terms of water quality because they consist of native plants
that capture and treat runoff. The majority of homes in the Liberty Reservoir watershed can accommodate
these gardens as there were several hundred square feet of open pervious area available down gradient
from the downspout in most cases. Rain gardens may also be an option for disconnecting downspouts at
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institutional sites with sufficient space available. Redirecting downspouts to pervious areas or rain barrels
is also an option for institutional sites as well as individual homeowners.
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STREAM CORRIDOR ASSESSMENT DATA



Stream Corridor Assessments

Stream corridors were assessed by two person teams in the Cliffs Branch, Keyser Run, and Norris Run
subwatersheds. Along the 22.8 miles of stream assessed, locations of observed environmental problems were
recorded as well as potential restoration opportunities. The assessment protocol is explained in detail in Section
3.6.1 of the Liberty Reservoir Watershed Characterization Report. This appendix includes 12 maps that detail the
locations and site identifiers for each environmental problem site documented during the SCAs.

Figure 1 shows the locations with the watershed of each of the 12 maps. Figure 2 through Figure 37 display the
locations of erosion sites (ES), inadequate buffers (IB), channel alteration sites (CA), exposed pipes (EP), fish
migration barrier (FB), pipe outfalls (PO), trash dumping (TD), and unusual conditions or comments (UC) in more
detail with their corresponding site identifiers. Erosion sites and inadequate buffers are shown separately on maps,
while the additional feature sites are shown together.

All of the data collected during the SCAs are compiled at the end of the document. Each site is listed in further detail
and corresponds to the site identifiers labeled on the feature maps.



Figure 1: Location of SCA Problem Sites in Liberty Reservoir: Key Map
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Figure 2: Location of Erosion Sites in Liberty Reservoir: Map 1



Figure 3: Location of Inadequate Buffer Sites in Liberty Reservoir: Map 1
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Figure 4: Location of Other SCA Problem Sites in Liberty Reservoir: Map 1
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Figure 5: Location of Erosion Sites in Liberty Reservoir: Map 2



Figure 6: Location of Inadequate Buffer Sites in Liberty Reservoir: Map 2
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Figure 7: Location of Other SCA Problem Sites in Liberty Reservoir: Map 2
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Figure 8: Location of Erosion Sites in Liberty Reservoir: Map 3



Figure 9: Location of Inadequate Buffer Sites in Liberty Reservoir: Map 3



Figure 10: Location of Other SCA Problem Sites in Liberty Reservoir: Map 3



Figure 11: Location of Erosion Sites in Liberty Reservoir: Map 4



Figure 12: Location of Inadequate Buffer Sites in Liberty Reservoir: Map 4



Figure 13: Location of Other SCA Problem Sites in Liberty Reservoir: Map 4



Figure 14: Location of Erosion Sites in Liberty Reservoir: Map 5



Figure 15: Location of Inadequate Buffer Sites in Liberty Reservoir: Map 5



Figure 16: Location of Other SCA Problem Sites in Liberty Reservoir: Map 5



Figure 17: Location of Erosion Sites in Liberty Reservoir: Map 6
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Figure 18: Location of Inadequate Buffer Sites in Liberty Reservoir: Map 6
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Figure 19: Location of Other SCA Problem Sites in Liberty Reservoir: Map 6
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Figure 20: Location of Erosion Sites in Liberty Reservoir: Map 7



Figure 21: Location of Inadequate Buffer Sites in Liberty Reservoir: Map 7



Figure 22: Location of Other SCA Problem Sites Liberty Reservoir: Map 7



Figure 23: Location of Erosion Sites in Liberty Reservoir: Map 8



Figure 24: Location of Inadequate Buffer Sites in Liberty Reservoir: Map 8



Figure 25: Location of Other SCA Problem Sites in Liberty Reservoir: Map 8



Figure 26: Location of Erosion Sites in Liberty Reservoir: Map 9



Figure 27: Location of Inadequate Buffer in Liberty Reservoir: Map 9



Figure 28: Location of Other SCA Problem Sites in Liberty Reservoir: Map 9



Figure 29: Location of Erosion Sites in Liberty Reservoir: Map 10



Figure 30: Location of Inadequate Buffer Sites in Liberty Reservoir: Map 10



Figure 31: Location of SCA Problem Sites in Liberty Reservoir: Map 10



Figure 32: Location of Erosion Sites in Liberty Reservoir: Map 11
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Figure 33: Location of Inadequate Buffer Sites in Liberty Reservoir: Map 11
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Figure 34: Location of Other SCA Problem Sites in Liberty Reservoir: Map 11
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Figure 35: Location of Erosion Sites in Liberty Reservoir: Map 12



Figure 36: Location of Inadequate Buffer Sites in Liberty Reservoir: Map 12
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Figure 37: Location of Other SCA Problem Sites in Liberty Reservoir: Map 12
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Liberty Reservoir SCA Data: Erosion Sites

AVG.
EXPOSED THREAT TO
WATERSHED SUBWATERSHED IS\‘II(VEA: DATE MAP SITE BANK CHANNEL CONDITION CAUSE BANK :'LA!:_?) Yek :‘;gﬂ_:;SE INFRA- :-:_:_\;GTH SEVERITY
HEIGHT STRUCTURE
(FT)
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/1/2014 039B1 01-ES RB Stage | Incision Bend at Steep Slope 4 | Forest Trees N 101 | Minor
Liberty Reservoir Cliffs Branch S 10/1/2014 03981 02-ES RB Stage | Incision Bend at Steep Slope 5 | Forest Forest N 95 | Minor
Liberty Reservoir Cliffs Branch S 10/1/2014 039B1 03-ES LB Stage | Incision Bend at Steep Slope 4 | Forest Forest N 125 | Minor
Liberty Reservoir Cliffs Branch S 10/1/2014 03981 04-ES LB Stage | Incision Bend at Steep Slope 4 | Forest Forest N 167 | Minor
Liberty Reservoir Cliffs Branch S 10/1/2014 039B1 05-ES RB Stage | Incision Bend at Steep Slope 5 | Forest Forest N 181 | Minor
Liberty Reservoir Cliffs Branch S 10/1/2014 039B1 06-ES LB Stage | Incision Bend at Steep Slope 5 Forest Forest N 55 Low Severity
Liberty Reservoir Cliffs Branch S 10/1/2014 039B1 07-ES RB Stage | Incision Bend at Steep Slope 3 | Forest Pasture N 112 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/1/2014 039B1 10-ES RB Stage | Incision Bend at Steep Slope 3 | Trees Pasture N 58 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 11-ES RB Stage Il Widening Bend at Steep Slope 6 | Forest Trees N 68 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 12-ES LB Stage |l Widening Bend at Steep Slope 3 | Trees Forest N 38 | Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 14-ES LB Stage Il Widening Bend at Steep Slope 4 Other Other N 24 Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 16-ES RB Stage Il Widening Land Use Change 5 Trees Crop Field N 21 Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 20-ES RB Stage | Incision Bend at Steep Slope 4 | Forest Crop Field N 33 Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 21-ES RB Stage | Incision Bend at Steep Slope 3 | Forest Crop Field N 26 | Moderate
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 22-ES RB Stage |l Widening Bend at Steep Slope 3 | Forest Trees N 108 | Minor
Shrubs Small Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 24-ES LB Stage Il Widening Bend at Steep Slope 3 | Trees Trees N 35 Minor
Shrubs Small Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 25-ES RB Stage | Incision Bend at Steep Slope 4 | Trees Trees N 28 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 27-ES RB Stage |l Widening Bend at Steep Slope 4 | Forest Trees N 53 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 28-ES RB Stage Il Widening Bend at Steep Slope 4 | Forest Trees N 39 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 30-ES RB Stage | Incision Bend at Steep Slope 4 | Forest Trees N 48 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 33-ES RB Stage | Incision Bend at Steep Slope 5 | Forest Trees N 27 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 34-ES RB Stage | Incision Bend at Steep Slope 6 | Forest Trees N 78 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 35-ES RB Stage Il Widening Bend at Steep Slope 6 | Forest Trees N 50 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 36-ES RB Stage |l Widening Bend at Steep Slope 6 | Forest Trees N 31 | Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 37-ES LB Stage Il Widening Bend at Steep Slope 5 | Forest Forest N 542 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 03981 40-ES RB Stage | Incision Bend at Steep Slope 6 | Forest Trees N 78 | Moderate
Shrubs Small Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 42-ES LB Stage | Incision Bend at Steep Slope 6 | Trees Trees N 181 | Minor

A-39




Liberty Reservoir SCA Data: Erosion Sites

AVG.
EXPOSED THREAT TO
WATERSHED SUBWATERSHED Z‘:‘VEA: DATE MAP SITE BANK CHANNEL CONDITION CAUSE BANK :'LA!:_?) Yek :‘;ga;SE INFRA- :':_:_“)GTH SEVERITY
HEIGHT STRUCTURE
(FT)
Shrubs Small Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 43-ES RB Stage | Incision Bend at Steep Slope 4 | Trees Trees N 88 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/7/2014 03981 44-ES LB Stage | Incision Bend at Steep Slope 4 | Forest Trees N 74 | Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 45-ES RB Stage | Incision Bend at Steep Slope 4 | Forest Forest N 55 | Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 46-ES LB Stage | Incision Bend at Steep Slope 4 | Forest Forest N 34 | Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 47-ES RB Stage | Incision Bend at Steep Slope 4 | Forest Forest N 62 Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 48-ES LB Stage | Incision Bend at Steep Slope 4 | Forest Forest N 612 | Moderate
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 50-ES RB Stage | Incision Bend at Steep Slope 4 | Forest Forest N 105 Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 51-ES RB Stage | Incision Bend at Steep Slope 4 | Forest Forest N 38 Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 52-ES LB Stage | Incision Bend at Steep Slope 4 | Forest Forest N 53 | Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 53-ES LB Stage | Incision Bend at Steep Slope 4 | Forest Forest N 65 Minor
Liberty Reservoir Cliffs Branch S 9/24/2014 039A1 01-ES LB Stage | Incision Bend at Steep Slope 6 | Forest Forest N 100 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 9/24/2014 039A1 02-ES LB Stage Il Widening Bend at Steep Slope 9 | Trees Forest N 69 | Severe
Liberty Reservoir Cliffs Branch S 9/24/2014 039A1 03-ES RB Stage | Incision Bend at Steep Slope 6 | Forest Forest N 107 | Minor
Liberty Reservoir Cliffs Branch S 9/24/2014 039A1 07-ES RB Stage | Incision Bend at Steep Slope 2 Forest Forest N 55 Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 9/24/2014 039A1 11-ES RB Stage | Incision Bend at Steep Slope 5 | Trees Pasture N 70 | Low Severity
Shrubs Small Shrubs Small
Liberty Reservoir Cliffs Branch S 9/24/2014 039A1 13-ES LB Stage | Incision Bend at Steep Slope 2 | Trees Trees N 723 | Low Severity
Liberty Reservoir Cliffs Branch S 10/1/2014 039A1 21-ES LB Stage | Incision Bend at Steep Slope 5 Pasture Pasture N 204 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039B1 54-ES RB Stage |l Widening Land Use Change 3 | Forest Other N 53 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039B1 54-ES RB Stage Il Widening Land Use Change 3 | Forest Other N 32 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039B1 54-ES RB Stage Il Widening Land Use Change 3 | Forest Other N 37 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039B1 54-ES RB Stage Il Widening Land Use Change 3 | Forest Other N 41 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 22-ES LB Stage Il Widening Land Use Change 2 | Forest Forest N 51 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 23-ES RB Stage Il Widening Land Use Change 3 | Forest Forest N 77 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 24-ES LB Stage Il Widening Land Use Change 4 | Forest Forest N 53 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 25-ES RB Stage |l Widening Land Use Change 1 | Forest Trees N 28 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 26-ES RB Stage Il Widening Land Use Change 3 | Forest Trees N 16 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 27-ES LB Stage Il Widening Land Use Change 2 | Forest Trees N 88 | Low Severity
Shrubs Small Shrubs Small
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 28-ES RB Stage |l Widening Land Use Change 2 | Trees Trees N 36 | Minor
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AVG.
EXPOSED THREAT TO
WATERSHED SUBWATERSHED Z‘:‘VEA: DATE MAP SITE BANK CHANNEL CONDITION CAUSE BANK :'LA!:_?) Yek :‘;ga;SE INFRA- :':_:_“)GTH SEVERITY
HEIGHT STRUCTURE
(FT)
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 27-ES LB Stage Il Widening Land Use Change 3 | Forest Trees N 37 | Minor
Shrubs Small Shrubs Small
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 29-ES RB Stage | Incision Land Use Change 3 | Trees Trees N 29 | Low Severity
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 32-ES RB Stage Il Widening Land Use Change 2 | Other Other N 18 | Moderate
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 35-ES LB Stage |l Widening Land Use Change 3 | Forest Forest N 109 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 36-ES RB Stage Il Widening Land Use Change 2 | Forest Forest N 67 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 36-ES RB Stage Il Widening Land Use Change 2 | Forest Forest N 7 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 36-ES RB Stage Il Widening Land Use Change 2 | Forest Forest N 65 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 37-ES LB Stage |l Widening Land Use Change 2 | Forest Forest N 80 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 33-ES LB Stage Il Widening Land Use Change 2 | Other Other N 31 | Low Severity
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 01-ES RB Stage Il Widening Land Use Change 3 | Forest Forest N 36 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 02-ES LB Stage |l Widening Land Use Change 2 | Forest Forest N 27 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 03-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 63 Low Severity
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 04-ES LB Stage Il Widening Land Use Change 2 | Forest Forest N 40 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 07-ES LB Stage | Incision Land Use Change 3 | Trees Forest N 135 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 08-ES RB Stage | Incision Land Use Change 3 | Trees Forest N 48 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 08-ES RB Stage | Incision Land Use Change 3 | Trees Forest N 23 | Low Severity
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 07-ES LB Stage | Incision Land Use Change 3 | Forest Forest N 105 | Low Severity
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 07-ES LB Stage | Incision Land Use Change 3 | Forest Forest N 51 | Low Severity
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 08-ES RB Stage | Incision Land Use Change 3 | Forest Forest N 51 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 039A1 38-ES RB Stage |l Widening Land Use Change 3 | Forest Trees N 52 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 039A1 40-ES LB Stage Il Widening Land Use Change 3 | Forest Trees N 112 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 14-ES RB Stage Il Widening Land Use Change 2 | Forest Trees N 54 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 16-ES RB Stage |l Widening Land Use Change 2 | Forest Trees N 128 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 20-ES LB Stage Il Widening Land Use Change 4 | Forest Forest N 40 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 21-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 45 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 22-ES LB Stage Il Widening Land Use Change 3 | Forest Forest N 134 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 23-ES RB Stage Il Widening Land Use Change 3 | Forest Forest N 22 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 24-ES LB Stage |l Widening Land Use Change 3 | Forest Forest N 31 | Minor
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Liberty Reservoir SCA Data: Erosion Sites

AVG.
EXPOSED THREAT TO
WATERSHED SUBWATERSHED IS\‘II(VEA: DATE MAP SITE BANK CHANNEL CONDITION CAUSE BANK :'LA!:_?) Yek :‘;gﬂ_:;SE INFRA- :-:_:_\;GTH SEVERITY
HEIGHT STRUCTURE
(FT)
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 25-ES RB Stage Il Widening Land Use Change 2 | Forest Forest N 48 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 24-ES LB Stage Il Widening Land Use Change 2 | Forest Forest N 29 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 26-ES LB Stage Il Widening Land Use Change 2 | Forest Forest N 72 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 27-ES RB Stage Il Widening Land Use Change 2 | Forest Forest N 102 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 28-ES LB Stage |l Widening Land Use Change 2 | Forest Forest N 33 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 29-ES RB Stage Il Widening Land Use Change 3 Forest Forest N 46 Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 30-ES LB Stage Il Widening Land Use Change 3 | Forest Forest N 22 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 31-ES RB Stage Il Widening Land Use Change 3 | Forest Forest N 39 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 36-ES RB Stage Il Widening Land Use Change 3 | Forest Forest N 106 | Low Severity
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 37-ES LB Stage |l Widening Land Use Change 3 | Forest Forest N 71 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 36-ES RB Stage Il Widening Land Use Change 3 | Forest Forest N 44 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 39-ES LB Stage |l Widening Land Use Change 3 | Forest Forest N 53 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 02-ES RB Stage | Incision Pipe Outfall 5 Lawn Trees N 44 Severe
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 03-ES LB Stage | Incision Pipe Outfall 5 | Lawn Trees N 29 | Severe
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 07-ES LB Stage | Incision Land Use Change 5 | Forest Lawn N 25 | Low Severity
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 08-ES LB Stage | Incision Land Use Change 3 | Forest Lawn N 75 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 09-ES RB Stage | Incision Land Use Change 6 Forest Lawn N 23 Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 12-ES RB Stage | Incision Land Use Change 4 | Forest Lawn N 166 | Moderate
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 13-ES LB Stage | Incision Land Use Change 4 | Forest Lawn N 107 | Moderate
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 16-ES RB Stage | Incision Land Use Change 3 | Trees Forest N 23 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 17-ES LB Stage | Incision Land Use Change 3 | Trees Forest N 19 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 16-ES RB Stage | Incision Land Use Change 3 | Trees Forest N 17 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 17-ES LB Stage | Incision Land Use Change 3 | Trees Forest N 36 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 18-ES LB Stage | Incision Land Use Change 4 | Trees Forest N 60 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 18-ES LB Stage | Incision Land Use Change 4 | Trees Forest N 72 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 16-ES RB Stage | Incision Land Use Change 3 | Trees Forest N 81 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 20-ES RB Stage | Incision Land Use Change 1 | Trees Forest N 39 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 20-ES RB Stage | Incision Land Use Change 1 | Trees Forest N 124 | Minor
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Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 22-ES RB Stage | Incision Land Use Change 4 | Trees Forest N 20 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 18-ES LB Stage | Incision Land Use Change 4 | Trees Forest N 32 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 18-ES LB Stage | Incision Land Use Change 4 | Trees Forest N 34 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 03-ES RB Stage | Incision Land Use Change 6 | Forest Trees N 46 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 04-ES RB Stage | Incision Land Use Change 4 | Forest Trees N 52 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 06-ES RB Stage | Incision Land Use Change 3 | Forest Trees N 60 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 07-ES LB Stage | Incision Land Use Change 6 | Forest Trees N 24 | Moderate
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 08-ES LB Stage | Incision Land Use Change 5 | Forest Trees N 14 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 09-ES LB Stage | Incision Land Use Change 3 | Forest Trees N 7 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 09-ES LB Stage | Incision Land Use Change 3 | Forest Trees N 19 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 12-ES RB Stage | Incision Land Use Change 5 Forest Trees N 27 Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 17-ES RB Stage | Incision Land Use Change 2 | Trees Forest N 35 | Minor
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 18-ES LB Stage | Incision Land Use Change 4 | Trees Forest N 13 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 20-ES RB Stage | Incision Land Use Change 3 | Forest Crop Field N 18 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 22-ES LB Stage | Incision Land Use Change 4 | Other Crop Field N 30 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 23-ES RB Stage | Incision Land Use Change 4 Other Crop Field N 25 Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C2 02-ES RB Stage | Incision Land Use Change 3 Forest Crop Field N 134 Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C2 03-ES LB Stage | Incision Land Use Change 3 | Forest Crop Field N 72 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C2 04-ES LB Stage | Incision Land Use Change 3 | Forest Crop Field N 21 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C2 05-ES RB Stage | Incision Land Use Change 3 | Forest Crop Field N 19 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 08-ES LB Stage | Incision Land Use Change 10 | Other Forest N 246 | Very Severe
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 09-ES RB Stage | Incision Land Use Change 8 | Other Forest N 238 | Very Severe
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 10-ES LB Stage | Incision Land Use Change 6 | Other Forest N 257 | Severe
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 11-ES RB Stage | Incision Land Use Change 6 | Forest Crop Field N 257 | Severe
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 13-ES LB Stage | Incision Land Use Change 3 | Forest Crop Field N 106 | Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 14-ES RB Stage | Incision Land Use Change 3 | Forest Crop Field N 59 | Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 14-ES RB Stage | Incision Land Use Change 3 | Forest Crop Field N 24 | Moderate
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Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 13-ES LB Stage | Incision Land Use Change 3 | Forest Crop Field N 71 | Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 14-ES RB Stage | Incision Land Use Change 3 | Forest Crop Field N 53 | Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 14-ES RB Stage | Incision Land Use Change 3 | Forest Crop Field N 36 | Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 17-ES LB Stage | Incision Land Use Change 3 | Forest Lawn N 57 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 18-ES RB Stage | Incision Land Use Change 3 | Forest Lawn N 59 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 19-ES LB Stage | Incision Land Use Change 1 | Forest Lawn N 36 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 21-ES RB Stage | Incision Land Use Change 4 | Forest Lawn N 55 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 24-ES LB Stage | Incision Land Use Change 1 | Crop Field Crop Field N 356 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 25-ES RB Stage | Incision Land Use Change 1 | Crop Field Crop Field N 356 Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 20-ES RB Stage | Incision Land Use Change 1 | Forest Lawn N 36 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 32-ES RB Stage | Incision Land Use Change 3 | Crop Field Forest N 98 Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 31-ES LB Stage | Incision Land Use Change 3 | Crop Field Forest N 206 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 30-ES RB Stage | Incision Land Use Change 6 | Crop Field Forest N 27 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 60-ES RB Stage | Incision Land Use Change 1 Crop Field Forest N 37 Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 59-ES LB Stage | Incision Land Use Change 1 | Crop Field Forest N 45 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 58-ES RB Stage | Incision Land Use Change 2 | Crop Field Forest N 106 | Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 57-ES LB Stage | Incision Land Use Change 2 | Crop Field Forest N 106 | Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 54-ES LB Stage | Incision Land Use Change 4 | Crop Field Forest N 148 | Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 55-ES RB Stage | Incision Land Use Change 4 | Crop Field Forest N 153 | Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 51-ES LB Stage | Incision Land Use Change 3 | Forest Crop Field N 28 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 50-ES LB Stage | Incision Land Use Change 2 | Forest Crop Field N 33 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 49-ES RB Stage | Incision Land Use Change 3 | Forest Crop Field N 60 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 45-ES RB Stage | Incision Land Use Change 1 | Crop Field Crop Field N 50 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 44-ES LB Stage | Incision Land Use Change 2 | Crop Field Crop Field N 90 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 43-ES RB Stage | Incision Land Use Change 2 | Crop Field Crop Field N 62 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 42-ES LB Stage | Incision Land Use Change 3 | Crop Field Crop Field N 81 | Low Severity
Liberty Reservoir Cliffs Branch S 10/27/2014 031A3 40-ES LB Stage Il Widening Land Use Change 3 | Forest Forest N 89 | Minor
Liberty Reservoir Cliffs Branch S 10/27/2014 031A3 41-ES RB Stage Il Widening Land Use Change 3 | Forest Forest N 28 | Minor
Liberty Reservoir Cliffs Branch S 10/27/2014 031A3 42-ES RB Stage Il Widening Land Use Change 3 | Forest Forest N 42 | Minor

A-44




Liberty Reservoir SCA Data: Erosion Sites

AVG.
EXPOSED THREAT TO
WATERSHED SUBWATERSHED Z‘:‘VEA: DATE MAP SITE BANK CHANNEL CONDITION CAUSE BANK :'LA!:_?) Yek :‘;ga;SE INFRA- :':_:_“)GTH SEVERITY
HEIGHT STRUCTURE
(FT)
Liberty Reservoir Cliffs Branch S 10/27/2014 031A3 43-ES LB Stage Il Widening Land Use Change 5 | Forest Forest N 135 | Low Severity
Liberty Reservoir Cliffs Branch S 10/27/2014 031A3 44-ES RB Stage Il Widening Land Use Change 3 | Forest Forest N 41 | Minor
Liberty Reservoir Cliffs Branch S 10/27/2014 031A3 45-ES LB Stage Il Widening Land Use Change 3 | Forest Forest N 76 | Minor
Liberty Reservoir Cliffs Branch S 10/27/2014 031A3 48-ES LB Stage Il Widening Land Use Change 2 | Forest Forest N 24 | Minor
Liberty Reservoir Cliffs Branch S 10/27/2014 031A3 49-ES RB Stage |l Widening Land Use Change 2 | Forest Forest N 45 | Minor
Liberty Reservoir Cliffs Branch S 10/27/2014 031A3 50-ES LB Stage Il Widening Land Use Change 2 | Forest Forest N 48 | Minor
Liberty Reservoir Cliffs Branch S 10/27/2014 031A2 23-ES LB Stage Il Widening Land Use Change 2 | Forest Forest N 25 | Minor
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 02-ES RB Stage Il Widening Below Road Crossing 4 | Forest Lawn N 100 | Minor
Shrubs Small Shrubs Small
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 03-ES RB Stage | Incision Bend at Steep Slope 4 | Trees Trees N 121 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 05-ES LB Stage | Incision Land Use Change 5 | Forest Trees N 74 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 05-ES LB Stage | Incision Land Use Change 5 | Forest Trees N 29 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 05-ES LB Stage | Incision Land Use Change 5 | Forest Trees N 29 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 05-ES LB Stage | Incision Land Use Change 5 | Forest Trees N 48 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 05-ES LB Stage | Incision Land Use Change 5 | Forest Trees N 48 | Low Severity
Shrubs Small
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 05-ES LB Stage | Incision Land Use Change 5 | Forest Trees N 53 | Low Severity
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 09-ES RB Stage | Incision Bend at Steep Slope 8 Forest Forest N 109 Minor
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 10-ES LB Stage Il Widening Bend at Steep Slope 8 | Forest Forest N 128 | Low Severity
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 11-ES LB Stage Il Widening Bend at Steep Slope 6 | Forest Forest N 114 | Minor
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 12-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 52 | Minor
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 16-ES RB Stage Il Widening Bend at Steep Slope 5 | Forest Forest N 139 | Low Severity
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 17-ES LB Stage | Incision Bend at Steep Slope 4 | Forest Forest N 138 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 25-ES LB Stage Il Deposition Livestock 3 | Pasture Pasture N 1218 | Severe
Liberty Reservoir Cliffs Branch S 10/30/2014 031B2 33-ES LB Stage | Incision Land Use Change 6 | Forest Forest N 508 | Minor
Liberty Reservoir Cliffs Branch S 10/13/2014 031B2 39-ES RB Stage |l Widening Land Use Change 4 | Pasture Pasture N 52 | Minor
Liberty Reservoir Cliffs Branch S 10/30/2014 031B3 12-ES LB Stage Il Widening Pipe Outfall 5 | Paved Crop Field Y 41 | Minor
Liberty Reservoir Cliffs Branch S 11/18/2014 031B3 03-ES LB Stage Il Widening Livestock 4 | Pasture Forest N 192 | Moderate
Liberty Reservoir Cliffs Branch S 11/18/2014 031A3 51-ES RB Stage Il Widening Livestock 5 | Pasture Forest N 46 | Minor
Liberty Reservoir Cliffs Branch S 11/18/2014 031B3 05-ES RB Stage Il Widening Bend at Steep Slope 6 | Forest Forest N 62 | Minor
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Liberty Reservoir Cliffs Branch S 11/18/2014 031B3 06-ES LB Stage Il Widening Land Use Change 3 | Forest Forest N 154 | Low Severity
Liberty Reservoir Cliffs Branch S 11/18/2014 031B3 08-ES RB Stage | Incision Bend at Steep Slope 6 | Forest Forest N 30 | Minor

Shrubs Small
Liberty Reservoir Cliffs Branch S 11/18/2014 031B3 10-ES LB Stage | Incision Land Use Change 3 | Forest Trees N 688 | Minor
Liberty Reservoir Keyser Run S 10/2/2014 047C1 02-ES LB Stage Il Widening Other 7 Forest Forest N 17 Minor
Liberty Reservoir Keyser Run S 10/2/2014 047C1 03-ES RB Stage Il Widening Bend at Steep Slope 3 | Forest Forest N 54 | Low Severity
Liberty Reservoir Keyser Run S 10/2/2014 047C1 04-ES RB Stage Il Widening Other 6 Forest Forest N 83 Minor
Liberty Reservoir Keyser Run S 10/2/2014 047C1 10-ES RB Stage Il Widening Other 3 Lawn Lawn N 101 Low Severity
Liberty Reservoir Keyser Run S 10/2/2014 047C2 12-ES LB Stage Il Widening Land Use Change 5 Forest Lawn N 86 Moderate
Liberty Reservoir Keyser Run S 10/2/2014 047C2 13-ES LB Stage | Incision Land Use Change 2 Forest Forest N 81 Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048al 02-ES LB Stage | Incision Land Use Change 3 Forest Pasture N 91 Low Severity
Below
Liberty Reservoir Keyser Run S 10/9/2014 048A1 06-ES LB Stage | Incision Channelization 3 Lawn Lawn N 54 | Minor
Below

Liberty Reservoir Keyser Run S 10/9/2014 048A1 07-ES RB Stage | Incision Channelization 3 | Lawn Lawn N 100 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 08-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 76 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 09-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 46 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 09-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 70 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 09-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 121 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 09-ES RB Stage |l Widening Land Use Change 4 | Forest Forest N 221 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 09-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 26 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 10-ES LB Stage Il Widening Land Use Change 4 | Forest Forest N 137 | Low Severity
Liberty Reservoir Keyser Run S 10/9/2014 048A1 10-ES LB Stage Il Widening Land Use Change 4 | Forest Forest N 48 | Low Severity
Liberty Reservoir Keyser Run S 10/9/2014 048A1 10-ES LB Stage Il Widening Land Use Change 4 | Forest Forest N 40 | Low Severity
Liberty Reservoir Keyser Run S 10/9/2014 048A1 14-ES LB Stage |l Widening Land Use Change 6 | Forest Forest N 36 | Low Severity
Liberty Reservoir Keyser Run S 10/9/2014 048A1 15-ES LB Stage Il Widening Land Use Change 3 | Forest Forest N 47 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 17-ES LB Stage Il Widening Land Use Change 2 | Forest Forest N 107 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 18-ES RB Stage Il Widening Land Use Change 3 | Forest Forest N 62 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 19-ES RB Stage Il Widening Land Use Change 2 | Forest Forest N 68 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 20-ES LB Stage Il Widening Land Use Change 6 | Forest Forest N 33 | Low Severity
Liberty Reservoir Keyser Run S 10/9/2014 048A1 21-ES LB Stage Il Widening Land Use Change 2 | Forest Forest N 52 | Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048b2 22-ES LB Stage Il Widening Bend at Steep Slope 2 | Forest Lawn N 22 | Minor
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Liberty Reservoir Keyser Run S 10/6/2014 048b2 22-ES LB Stage | Incision Land Use Change 2 | Forest Lawn N 42 | Minor

Shrubs Small

Liberty Reservoir Keyser Run S 10/6/2014 048b2 23-ES RB Stage | Incision Land Use Change 4 | Trees Forest N 36 | Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048b2 24-ES RB Stage | Incision Land Use Change 4 | Forest Forest N 70 | Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048b2 24-ES RB Stage | Incision Land Use Change 4 | Forest Forest N 37 | Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048b2 25-ES LB Stage | Incision Land Use Change 6 | Forest Forest N 47 | Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048b2 24-ES RB Stage | Incision Land Use Change 4 | Forest Forest N 47 Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048b2 29-ES LB Stage | Incision Land Use Change 3 | Forest Forest N 131 | Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048b2 29-ES LB Stage | Incision Land Use Change 3 Forest Forest N 141 Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048b2 30-ES RB Stage | Incision Land Use Change 4 | Forest Forest N 42 | Minor
Liberty Reservoir Keyser Run S 10/6/2014 048b2 30-ES RB Stage | Incision Land Use Change 4 | Forest Forest N 65 Minor
Liberty Reservoir Keyser Run S 10/6/2014 048b2 32-ES LB Stage | Incision Land Use Change 6 Forest Forest N 140 | Minor
Liberty Reservoir Keyser Run S 10/6/2014 048a2 29-ES RB Stage | Incision Land Use Change 4 | Forest Forest N 50 | Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048a2 31-ES LB Stage | Incision Land Use Change 4 | Forest Forest N 70 | Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048a2 37-ES LB Stage | Incision Land Use Change 5 | Crop Field Crop Field N 43 | Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048a2 40-ES RB Stage | Incision Land Use Change 4 | Pasture Pasture N 32 | Minor
Liberty Reservoir Keyser Run S 10/6/2014 048a2 41-ES LB Stage | Incision Land Use Change 4 | Pasture Pasture N 21 Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048a2 41-ES LB Stage | Incision Land Use Change 4 | Pasture Pasture N 41 Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048a2 41-ES LB Stage | Incision Land Use Change 4 | Pasture Pasture N 69 | Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 048a2 42-ES RB Stage | Incision Land Use Change 5 Pasture Pasture N 54 | Minor
Liberty Reservoir Keyser Run S 10/2/2014 048a2 20-ES LB Stage | Incision Land Use Change 3 Forest Lawn N 341 Minor
Liberty Reservoir Keyser Run S 10/2/2014 048a2 21-ES RB Stage | Incision Land Use Change 5 Forest Lawn N 215 Minor
Liberty Reservoir Keyser Run S 10/2/2014 048a2 22-ES RB Stage | Incision Land Use Change 4 | Forest Lawn N 114 | Low Severity
Liberty Reservoir Keyser Run S 10/2/2014 048a2 26-ES LB Stage | Incision Land Use Change 4 | Forest Lawn N 69 Low Severity
Liberty Reservoir Keyser Run S 10/9/2014 048a2 45-ES RB Stage Il Widening Pipe Outfall 3 | Multiflora Multiflora N 26 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048a2 63-ES LB Stage Il Widening Land Use Change 4 | Forest Forest N 35 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048a2 47-ES RB Stage Il Widening Bend at Steep Slope 4 | Multiflora Multiflora N 46 | Low Severity
Liberty Reservoir Keyser Run S 10/9/2014 048a2 49-ES LB Stage Il Widening Land Use Change 3 | Forest Lawn N 61 | Low Severity
Liberty Reservoir Keyser Run S 10/9/2014 048a2 52-ES RB Stage Il Widening Land Use Change 7 | Forest Lawn N 58 | Moderate
Liberty Reservoir Keyser Run S 10/9/2014 048a2 53-ES LB Stage Il Widening Land Use Change 7 | Forest Lawn N 83 | Moderate
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Liberty Reservoir Keyser Run S 10/9/2014 048a2 54-ES RB Stage Il Widening Land Use Change 6 | Forest Lawn N 51 | Low Severity
Liberty Reservoir Keyser Run S 10/9/2014 048a2 55-ES LB Stage Il Widening Land Use Change 5 | Forest Lawn N 103 | Low Severity
Liberty Reservoir Keyser Run S 10/9/2014 048a2 56-ES RB Stage Il Widening Land Use Change 4 | Forest Lawn N 42 | Low Severity
Liberty Reservoir Keyser Run S 10/9/2014 048a2 58-ES RB Stage Il Widening Land Use Change 3 Forest Forest N 31 Minor
Liberty Reservoir Keyser Run S 10/9/2014 048a2 59-ES LB Stage |l Widening Land Use Change 3 | Forest Forest N 109 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048a2 61-ES LB Stage Il Widening Land Use Change 9 Forest Forest N 110 | Moderate
Liberty Reservoir Keyser Run S 10/9/2014 048a2 61-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 142 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 01-ES LB Stage | Incision Land Use Change 4 | Forest Forest N 139 Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048B1 02-ES RB Stage | Incision Land Use Change 4 | Forest Forest N 128 Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048B1 03-ES LB Stage | Incision Land Use Change 5 | Forest Forest N 39 | Moderate
Liberty Reservoir Keyser Run S 10/16/2014 048B1 04-ES RB Stage | Incision Land Use Change 5 Forest Forest N 28 Moderate
Liberty Reservoir Keyser Run S 10/16/2014 048B1 05-ES LB Stage | Incision Land Use Change 2 Forest Forest N 155 Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048B1 06-ES RB Stage | Incision Land Use Change 2 Forest Forest N 155 Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048B1 07-ES RB Stage | Incision Land Use Change 6 | Forest Forest N 112 | Severe
Liberty Reservoir Keyser Run S 10/16/2014 048B1 08-ES RB Stage | Incision Land Use Change 6 Forest Forest N 120 | Severe
Liberty Reservoir Keyser Run S 10/16/2014 048B1 10-ES RB Stage | Incision Land Use Change 5 | Forest Forest N 121 | Moderate
Liberty Reservoir Keyser Run S 10/16/2014 048B1 09-ES LB Stage | Incision Land Use Change 5 | Forest Forest N 201 | Moderate
Liberty Reservoir Keyser Run S 10/16/2014 048B1 11-ES RB Stage | Incision Land Use Change 3 | Forest Forest N 50 | Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048B1 12-ES LB Stage Il Widening Land Use Change 3 | Forest Forest N 15 | Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048B1 13-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 26 | Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048B1 16-ES LB Stage Il Widening Land Use Change 3 | Forest Forest N 99 | Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048B1 17-ES RB Stage Il Widening Land Use Change 2 | Forest Forest N 63 | Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 18-ES RB Stage | Incision Land Use Change 3 Forest Forest N 151 Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048B1 20-ES LB Stage | Incision Land Use Change 3 Forest Forest N 33 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 21-ES RB Stage | Incision Land Use Change 3 Forest Forest N 37 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 22-ES LB Stage | Incision Land Use Change 3 Forest Forest N 8 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 23-ES RB Stage | Incision Land Use Change 3 Forest Forest N 40 | Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 22-ES LB Stage | Incision Land Use Change 3 Forest Forest N 39 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 25-ES RB Stage | Incision Land Use Change 2 Forest Forest N 69 Minor
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Liberty Reservoir SCA Data: Erosion Sites

AVG.
WATERSHED SUBWATERSHED Z‘:‘VEA: DATE MAP SITE BANK CHANNEL CONDITION CAUSE :)I(\'I,V(I)(SED :'LA!:_?) s :‘;gﬂ_:;SE .Irh'l‘lFi{EAA-T ° :':_:_“)GTH SEVERITY

HEIGHT STRUCTURE

(FT)
Liberty Reservoir Keyser Run S 10/16/2014 048B1 26-ES RB Stage | Incision Land Use Change 2 Forest Forest N 18 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 29-ES LB Stage Il Widening Land Use Change 4 | Forest Forest N 50 | Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 31-ES LB Stage | Incision Land Use Change 3 Forest Forest N 28 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 34-ES LB Stage Il Widening Land Use Change 3 Forest Forest N 22 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 36-ES RB Stage |l Widening Land Use Change 3 | Forest Forest N 27 | Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 36-ES RB Stage Il Widening Land Use Change 3 Forest Forest N 29 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 16-ES LB Stage | Incision Land Use Change 3 Forest Forest N 117 Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048A1 23-ES RB Stage Il Widening Land Use Change 5 | Forest Pasture N 341 | Minor
Liberty Reservoir Keyser Run S 10/16/2014 048A1 27-ES LB Stage Il Widening Land Use Change 3 Forest Forest N 97 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048A1 28-ES RB Stage |l Widening Land Use Change 3 | Forest Forest N 54 | Minor
Liberty Reservoir Keyser Run S 10/16/2014 048A1 29-ES RB Stage Il Widening Land Use Change 3 Forest Forest N 75 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048A1 30-ES LB Stage |l Widening Land Use Change 4 | Forest Forest N 54 | Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048A1 31-ES RB Stage |l Widening Land Use Change 3 | Forest Forest N 22 | Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048A1 32-ES LB Stage Il Widening Land Use Change 2 Forest Forest N 44 Minor
Liberty Reservoir Keyser Run S 10/16/2014 048A1 33-ES RB Stage Il Widening Land Use Change 2 | Forest Forest N 45 | Minor
Liberty Reservoir Keyser Run S 10/09/2014 048A2 64-ES LB Stage Il Widening Land Use Change 6 | Forest Forest N 37 | Low Severity
Liberty Reservoir Keyser Run S 10/09/2014 048A2 65-ES RB Stage Il Widening Land Use Change 5 | Forest Forest N 208 | Low Severity
Liberty Reservoir Keyser Run S 10/09/2014 048A2 64-ES LB Stage Il Widening Land Use Change 5 | Forest Forest N 22 | Low Severity
Liberty Reservoir Keyser Run S 10/09/2014 048A2 64-ES LB Stage Il Widening Land Use Change 4 | Forest Forest N 47 | Low Severity
Liberty Reservoir Keyser Run S 10/09/2014 048A2 65-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 19 | Low Severity
Liberty Reservoir Keyser Run S 10/09/2014 048A2 64-ES LB Stage Il Widening Land Use Change 4 | Forest Forest N 160 | Low Severity
Liberty Reservoir Keyser Run S 10/09/2014 048A2 65-ES RB Stage Il Widening Land Use Change 4 | Forest Forest N 97 | Low Severity
Liberty Reservoir Norris Run S 9/26/2014 048a2 06-ES RB Stage Il Widening Other 5 Forest Forest N 124 | Minor

Shrubs Small
Liberty Reservoir Norris Run S 10/10/2014 048A3 01-ES LB Stage Il Widening Land Use Change 6 | Forest Trees N 62 | Minor
Liberty Reservoir Norris Run S 10/10/2014 048A3 03-ES RB Stage Il Widening Livestock 5 Forest Forest N 104 | Low Severity
Liberty Reservoir Norris Run S 10/10/2014 048A2 13-ES RB Stage Il Widening Land Use Change 3 | Forest Forest N 75 | Minor
Liberty Reservoir Norris Run S 9/29/2014 048B2 08-ES LB Stage | Incision Bend at Steep Slope 5 | Multiflora Multiflora N 65 | Minor
Liberty Reservoir Norris Run S 9/29/2014 048B2 09-ES RB Stage | Incision Bend at Steep Slope 4 | Multiflora Multiflora N 66 | Minor
Shrubs Small

Liberty Reservoir Norris Run S 9/29/2014 048B2 12-ES LB Stage | Incision Bend at Steep Slope 8 | Multiflora Trees N 65 | Minor
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Liberty Reservoir Norris Run 10/3/2014 048B3 30-ES RB Stage Il Widening Bend at Steep Slope Forest Lawn 27 | Minor

Liberty Reservoir Norris Run 10/3/2014 048B2 15-ES LB Stage Il Widening Bend at Steep Slope Forest Forest 42 | Minor
Shrubs Small

Liberty Reservoir Norris Run 10/10/14 04882 18-ES LB Stage | Incision Land Use Change Trees Forest 63 | Low Severity




Liberty Reservoir SCA Data: Inadequate Buffers

BUFFER BUFFER
SWAP EDRRER SIREQNS DULKER WIDTH BUTEER LAND USE LAND USE RECENTLY LIVESTOCK | IF YES,
WATERSHED SUBWATERSHED AREA DATE MAP SITE INADEQUATE | UNSHADED | WIDTH RIGHT LENGTH LEFT RIGHT ESTABLISH- | PRESENT? TYPE ! SEVERITY
ON ON LEFT (FT) (FT)
(FT) ED
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 13-1B Both Both 0 0 59 | Other Other N N Minor
Shrubs
Small
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 15-1B Both Both 0 0 166 | Trees Crop field N N Severe
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 17-1B Both Both 0 0 348 | Crop field Crop field N N Severe
Low
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 19-1B Right Both >50 0 270 | Forest Crop field N N Severity
Shrubs
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 23-1B Right Both >50 >50 264 Forest Small Trees Y N Minor
Shrubs
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 31-1B Right Both >50 10 734 | Forest Small Trees Y N Minor
Shrubs
Small Shrubs Low
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 41-1B Right Both >50 >50 100 | Trees Small Trees Y N Severity
Low
Liberty Reservoir Cliffs Branch S 9/24/2014 039A1 09-1B Right Both 20 10 1191 | Pasture Pasture N N Severity
Liberty Reservoir Cliffs Branch S 10/1/2014 039A1 19-1B Both Both 0 0 142 | Pasture Pasture N N Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039B1 55-1B Right Both >50 >50 153 Forest Other N N Moderate
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 31-IB Both Both 0 0 218 | Other Other N N Severe
Shrubs
Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 17-1B Right Neither >50 10 693 | Trees Pasture N N Moderate
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 18-1B Right Neither 15 10 333 Pasture Pasture N N Moderate
Low
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 33-1B Right Neither >50 10 413 | Forest Crop field N N Severity
Shrubs Low
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 35-1B Left Neither 10 >50 38 | Pasture Small Trees N N Severity
Shrubs
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 01-1B Both Left 10 20 231 Crop field Small Trees Y N Moderate
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 05-1B Right Neither >50 20 439 | Forest Other N N Minor
Multiflora Multiflora
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 10-1B Both Both 10 10 523 | Rose Rose Y N Moderate
Shrubs
Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 14-1B Left Neither 30 >50 567 | Trees Forest Y N Minor
Shrubs
Small
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 21-1B Both Neither 30 20 188 | Trees Crop field Y N Minor
Shrubs
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 05-1B Right Right >50 10 288 | Forest Small Trees N N Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 19-1B Left Neither 20 >50 736 | Other Forest N N Minor
Low
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 21-1B Both Neither 20 20 180 | Other Crop field N N Severity
Liberty Reservoir Cliffs Branch S 10/23/2014 031C2 01-1B Right Neither >50 30 899 | Forest Crop field N N Minor
Low
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 12-1B Right Right >50 20 513 | Forest Crop field N N Severity
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Liberty Reservoir SCA Data: Inadequate Buffers

BUFFER BUFFER
BUFFER STREAM BUFFER BUFFER
SWAP WIDTH LAND USE LAND USE RECENTLY LIVESTOCK | IF YES,
WATERSHED SUBWATERSHED AREA DATE MAP SITE INADEQUATE UNSHADED WIDTH RIGHT LENGTH LEFT RIGHT ESTABLISH- PRESENT? TYPE SEVERITY
ON ON LEFT (FT) (FT)
(FT) ED
Low
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 15-1B Right Right >50 0 429 | Forest Lawn N N Severity
Low
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 07-1B Left Left 20 >50 234 | Other Forest N N Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 22-1B Both Both 0 0 767 | Crop field Crop field N N Severe
Low
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 33-1B Right Neither >50 30 107 | Crop field Crop field N N Severity
Low
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 52-1B Left Neither 30 >50 876 | Crop field Forest N N Severity
Low
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 46-1B Right Right >50 0 372 | Forest Crop field N N Severity
Shrubs
Small Shrubs Low
Liberty Reservoir Cliffs Branch S 10/27/2014 031A3 47-1B Both Both >50 >50 191 | Trees Small Trees N N Severity
Shrubs
Small Shrubs Low
Liberty Reservoir Cliffs Branch S 10/21/2014 031C3 01-1B Both Neither 10 10 1170 | Trees Small Trees N N Severity
Liberty Reservoir Cliffs Branch S 10/21/2014 031C3 24-1B Right Neither >50 20 354 | Forest Crop field N N Minor
Liberty Reservoir Cliffs Branch S 10/13/2014 031B1 03-1B Both Both 10 10 565 Crop field Crop field N N Moderate
Liberty Reservoir Cliffs Branch S 10/13/2014 031B1 06-1B Both Both 10 10 240 Lawn Lawn N N Moderate
Liberty Reservoir Cliffs Branch S 10/13/2014 031B1 08-1B Right Neither >50 20 257 | Forest Crop field N N Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031B1 09-1B Both Right 0 0 1243 | Pasture Pasture N Y Moderate
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 04-1B Right Right >50 5 52 | Forest Pasture N N Minor
Shrubs
Small
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 06-1B Both Right >50 5 946 | Trees Pasture N N Minor
Low
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 14-1B Both Both 10 10 1025 | Crop field Crop field N N Severity
Shrubs Low
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 20-1B Left Left 25 >50 577 | Lawn Small Trees N N Severity
Shrubs Low
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 23-1B Left Left 0 10 312 | Lawn Small Trees N N Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 24-1B Both Both 0 0 2146 Pasture Pasture N Y Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 26-1B Both Both 0 0 1161 Pasture Pasture N Y Moderate
Low
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 30-1B Left Left 10 >50 310 | Crop field Forest N N Severity
Shrubs
Small
Liberty Reservoir Cliffs Branch S 10/30/2014 031B2 34-1B Both Neither 25 40 420 | Trees Forest N N Minor
Liberty Reservoir Cliffs Branch S 10/13/2014 031B2 36-1B Left Neither 10 >50 400 | Pasture Forest N Y Horses Minor
Liberty Reservoir Cliffs Branch S 10/13/2014 031B2 38-1B Both Both 0 0 251 Pasture Lawn N Y Horses Minor
Liberty Reservoir Cliffs Branch S 10/13/2014 031B2 41-1B Both Both 15 15 640 Pasture Crop field N Y Horses Minor
Liberty Reservoir Cliffs Branch S 10/30/2014 031B3 14-1B Left Left 15 >50 92 Lawn Forest N N Minor




Liberty Reservoir SCA Data: Inadequate Buffers

BUFFER BUFFER
BUFFER STREAM BUFFER BUFFER
SWAP WIDTH LAND USE LAND USE RECENTLY LIVESTOCK | IF YES,
WATERSHED SUBWATERSHED AREA DATE MAP SITE INADEQUATE UNSHADED WIDTH RIGHT LENGTH LEFT RIGHT ESTABLISH- PRESENT? TYPE SEVERITY
ON ON LEFT (FT) (FT)
(FT) ED
Liberty Reservoir Cliffs Branch S 10/30/2014 031B3 13-1B Both Both 0 15 44 Paved Crop field N N Minor
Liberty Reservoir Cliffs Branch S 11/18/2014 031B3 01-1B Left Left 10 >50 1014 Pasture Forest N N Moderate
Shrubs
Liberty Reservoir Cliffs Branch S 11/18/2014 031B3 09-1B Right Neither >50 20 583 Forest Small Trees N N Minor
Liberty Reservoir Keyser Run S 10/2/2014 047C1 08-1B Right Right >50 0 569 Forest Lawn N N Moderate
Liberty Reservoir Keyser Run S 10/2/2014 047C1 09-1B Both Right 15 0 536 | Lawn Lawn N Y Horses Moderate
Liberty Reservoir Keyser Run S 10/2/2014 047C2 08-1B Right Right >50 0 1909 Forest Lawn N N Moderate
Liberty Reservoir Keyser Run S 10/6/2014 048A1 01-1B Right Neither 10 20 193 | Pasture Pasture N N Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A1 05-1B Both Neither 25 25 216 Lawn Lawn N N Minor
Liberty Reservoir Keyser Run S 10/1/2014 039B1 08-1B Right Right >50 25 873 | Forest Pasture N N Minor
Low
Liberty Reservoir Keyser Run S 10/6/2014 048B2 21-1B Both Both 0 0 53 | Lawn Lawn N N Severity
Liberty Reservoir Keyser Run S 10/6/2014 048A2 30-1B Right Right >50 20 442 | Crop field Crop field N N Minor
Liberty Reservoir Keyser Run S 10/6/2014 048A2 33-1B Both Both >50 15 1417 | Crop field Crop field N N Moderate
Liberty Reservoir Keyser Run S 10/6/2014 048A2 39-1B Both Both 0 0 845 | Crop field Crop field N N Severe
Liberty Reservoir Keyser Run S 10/9/2014 048A2 50-1B Right Neither >50 10 833 | Forest Lawn N N Moderate
Low
Liberty Reservoir Keyser Run S 10/9/2014 048A2 60-1B Left Right 10 10 328 Lawn Forest N N Severity
Low
Liberty Reservoir Keyser Run S 10/16/2014 048B1 32-1B Right Neither >50 30 177 | Forest Pasture N N Severity
Low
Liberty Reservoir Keyser Run S 10/16/2014 048B1 35-1B Right Right >50 0 748 Forest Pasture N N Severity
Liberty Reservoir Keyser Run S 10/16/2014 048A1 24-1B Both Right 0 0 146 Other Lawn N N Minor
Liberty Reservoir Keyser Run S 10/16/2014 048A1 26-1B Right Right >50 30 477 Forest Lawn N N Minor
Shrubs Low
Liberty Reservoir Norris Run S 9/23/2014 048A2 01-1B Right Neither >50 20 79 | Forest Small Trees N N Severity
Shrubs
Small Shrubs
Liberty Reservoir Norris Run S 9/26/2014 048A2 02-1B Right Neither >50 40 145 | Trees Small Trees N N Minor
Shrubs
Small Shrubs
Liberty Reservoir Norris Run S 9/26/2014 048A2 03-1B Left Left 20 >50 97 | Trees Small Trees N N Minor
Low
Liberty Reservoir Norris Run S 9/26/2014 048A2 04-1B Left Left 30 >50 97 | Crop field Crop field N N Severity
Shrubs
Small
Liberty Reservoir Norris Run S 9/26/2014 048A2 05-1B Right Right >50 5 174 | Trees Crop field N N Moderate
Shrubs
Small Shrubs
Liberty Reservoir Norris Run S 9/26/2014 048A2 07-1B Right Neither >50 40 173 | Trees Small Trees N N Minor
Shrubs
Small
Liberty Reservoir Norris Run S 9/26/2014 048A2 09-1B Right Right >50 0 93 | Trees Lawn N N Moderate
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Liberty Reservoir SCA Data: Inadequate Buffers

BUFFER BUFFER
BUFFER STREAM BUFFER BUFFER
SWAP WIDTH LAND USE LAND USE RECENTLY LIVESTOCK | IF YES,
WATERSHED SUBWATERSHED AREA DATE MAP SITE INADEQUATE UNSHADED WIDTH RIGHT LENGTH LEFT RIGHT ESTABLISH- PRESENT? TYPE SEVERITY
ON ON LEFT (FT) (FT)
(FT) ED

Shrubs

Small Shrubs
Liberty Reservoir Norris Run S 9/26/2014 048A2 11-1B Left Left 0 >50 199 | Trees Small Trees N N Severe
Liberty Reservoir Norris Run S 10/10/2014 048A2 15-1B Both Neither 10 10 76 | Crop field Pasture N N Minor

Shrubs

Small
Liberty Reservoir Norris Run S 10/10/2014 048A3 02-1B Right Neither 0 >50 141 Trees Pasture N N Minor

Shrubs

Small
Liberty Reservoir Norris Run S 10/10/2014 048B2 19-1B Right Neither >50 0 122 | Trees Crop field N N Minor
Liberty Reservoir Norris Run S 10/10/2014 048A2 14-1B Right Right 10 >50 202 | Forest Lawn N N Minor
Liberty Reservoir Norris Run S 10/10/2014 048A2 12-1B Both Both 0 0 69 Lawn Lawn N N Moderate

Shrubs

Small Multiflora
Liberty Reservoir Norris Run S 9/29/2014 048B3 02-1B Right Both 10 15 156 | Trees Rose N N Minor

Shrubs Low
Liberty Reservoir Norris Run S 9/29/2014 048B3 03-1B Right Both 10 4 104 | Lawn Small Trees N N Severity
Low
Liberty Reservoir Norris Run S 9/29/2014 048B3 04-1B Both Neither 5 5 78 | Crop field Crop field N N Severity
Liberty Reservoir Norris Run S 10/3/2014 048B3 31-I1B Both Neither 10 10 56 Lawn Lawn N N Minor
Liberty Reservoir Norris Run S 10/3/2014 048B3 38-1B Left Left 10 >50 276 | Lawn Forest N N Minor
Shrubs

Liberty Reservoir Norris Run S 10/3/2014 048B2 14-1B Left Left 30 30 19 Lawn Small Trees N N Minor
Liberty Reservoir Norris Run S 10/10/2014 048B2 17-1B Left Left 0 >50 139 | Lawn Forest N N Minor
Liberty Reservoir Norris Run S 9/29/2014 048B3 13-1B Right Right >50 15 963 | Forest Other N N Moderate




Liberty Reservoir SCA Data: Trash Dumping

AMOUNT TRASH
SWAP TYPE OF PICKUP OTHER SITE FOR LAND
WATERSHED SUBWATERSHED AREA DATE MAP SITE TRASH TRUCK MEASURE :gNFINED VOLUNTEERS OWNERSHIP NAME IF PUBLIC SEVERITY
LOADS
Liberty Reservoir Cliffs Branch S 10/13/2014 | 031B1 07-TD Yard Waste 4 Single Site N Private Moderate
Liberty Reservoir Cliffs Branch S 10/16/2014 | 031A3 10-TD Other 1 Single Site N Private Minor
Liberty Reservoir Cliffs Branch S 10/17/2014 | 031B2 21-TD Other 3 Single Site N Private Minor
Low
Liberty Reservoir Cliffs Branch S 10/23/2014 | 031C3 02-TD Other 10 Large Area N Private Severity
Low
Liberty Reservoir Cliffs Branch S 10/23/2014 | 031C3 02-TD Other 10 Large Area N Private Severity
Liberty Reservoir Cliffs Branch S 10/23/2014 | 031C2 06-TD Other 25 Large Area N Private Severe
Liberty Reservoir Cliffs Branch S 10/24/2014 | 031C2 27-TD Construction 4 Single Site N Private Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 | 031C2 28-TD Tires 1 Single Site N Private Minor
Low
Liberty Reservoir Cliffs Branch S 10/24/2014 | 031B1 11-TD Tires 1 Single Site Y Private Severity
Liberty Reservoir Keyser Run S 10/2/2014 047C2 05-TD Yard Waste 5 Single Site N Private Minor
Liberty Reservoir Keyser Run S 10/2/2014 047C2 06-TD Yard Waste 5 Single Site N Private Minor
Permanent Low
Liberty Reservoir Keyser Run S 10/2/2014 048A2 23-TD Construction 2 Large Area Y Public Easement Severity
Liberty Reservoir Keyser Run S 10/9/2014 048A1 03-TD Yard Waste 4 Single Site N Private Minor
Low
Liberty Reservoir Keyser Run S 10/9/2014 048A1 04-TD Construction 1 Single Site N Private Severity
Low
Liberty Reservoir Norris Run S 9/29/2014 048B3 08-TD Residential 1 Single Site N Public Public Severity




Liberty Reservoir SCA Data: Fish Barriers

WATERSHED SUBWATERSHED | SWAP AREA | DATE MAP SITE :;g: KAGE BARRIER TYPE ::2:5:;;5 ‘I;V: J: ?IN) ‘I;VE?’.'I-:-IR(IN) SEVERITY
Liberty Reservoir Cliffs Branch S 9/24/2014 039A1 04-FB Total Natural Falls Too high 12 6 Minor
Liberty Reservoir Cliffs Branch S 9/24/2014 039A1 05-FB Total Natural Falls Too high 12 4 Minor
Liberty Reservoir Cliffs Branch S 10/1/2014 039B1 09-FB Total Other Too high 36 8 Moderate
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 01-FB Total Road Crossing Too high 24 2 | Moderate
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 07-FB Partial Debris Dam Too shallow 8 24 Low Severity
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 32-FB Partial Debris Dam Too high 0 0 Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 39-FB Total Debris Dam Too high 24 8 Moderate
Liberty Reservoir Cliffs Branch S 10/13/2014 031B1 01-FB Total Natural Falls Too high 6 6 Minor
Liberty Reservoir Cliffs Branch S 10/13/2014 031B1 02-FB Total Natural Falls Too high 6 6 Minor
Liberty Reservoir Cliffs Branch S 10/13/2014 031B1 05-FB Total Dam Too shallow 0 1 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 09-FB Total Natural Falls Too high 18 1 | Low Severity
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 11-FB Total Natural Falls Too high 18 2 | Low Severity
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 13-FB Total Natural Falls Too high 24 3 | Low Severity
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 15-FB Partial Debris Dam Too shallow 0 1 Minor
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 19-FB Total Road Crossing Too high 12 4 | Severe
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 32-FB Total Other Too high 24 1 Moderate
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 34-FB Total Other Too high 18 1 Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 11-FB Total Road Crossing Too high 12 3 | Moderate
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 13-FB Partial Natural Falls Too high 8 2 Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 14-FB Total Natural Falls Too high 24 12 Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 15-FB Total Natural Falls Too high 12 3 Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031C3 16-FB Total Natural Falls Too high 12 3 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 06-FB Temporary Debris Dam Too high 8 2 | Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 031A2 11-FB Temporary Debris Dam Too high 12 2 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 16-FB Total Natural Falls Too high 48 18 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 48-FB Total Channelized Too shallow 4 6 | Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 53-FB Total Natural Falls Too high 24 1 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 56-FB Total Natural Falls Too high 24 2 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031C2 29-FB Total Natural Falls Too high 24 1 Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031A2 15-FB Total Natural Falls Too high 24 1 Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031A2 19-FB Total Natural Falls Too high 8 1 Minor
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Liberty Reservoir SCA Data: Fish Barriers

WATERSHED SUBWATERSHED | SWAP AREA | DATE MAP SITE :;g: KAGE BARRIER TYPE ::gﬁﬁggE ‘I;V: J: ?IN) ‘I;VE?::-IR(IN) SEVERITY
Liberty Reservoir Cliffs Branch S 10/30/2014 031B3 11-FB Total Road Crossing Too high 6 18 | Low Severity
Liberty Reservoir Cliffs Branch S 10/30/2014 031B3 35-FB Total Natural Falls Too shallow 18 1 Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 28-FB Total Road Crossing Too high 12 3 | Low Severity
Liberty Reservoir Cliffs Branch S 11/18/2014 031B3 07-FB Total Debris Dam Too high 18 1 Minor
Liberty Reservoir Keyser Run S 10/2/2014 047C1 06-FB Partial Road Crossing Too fast 12 8 | Moderate
Liberty Reservoir Keyser Run S 10/2/2014 047C2 07-FB Partial Debris Dam Too shallow 0 6 Minor
Liberty Reservoir Keyser Run S 10/2/2014 047C2 10-FB Partial Road Crossing Too high 66 15 | Very Severe
Liberty Reservoir Keyser Run S 10/2/2014 047C2 14-FB Total Natural Falls Too high 15 1 | Low Severity
Liberty Reservoir Keyser Run S 10/2/2014 047C2 15-FB Total Natural Falls Too high 18 3 | Low Severity
Liberty Reservoir Keyser Run S 10/2/2014 048A2 27-FB Total Road Crossing Too high 6 3 | Severe
Liberty Reservoir Keyser Run S 10/9/2014 048A2 43-FB Total Road Crossing Too high 12 7 | Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A2 57-FB Total Dam Too high 18 12 | Severe
Liberty Reservoir Keyser Run S 10/9/2014 048A2 62-FB Partial Natural Falls Too fast 24 12 Moderate
Liberty Reservoir Keyser Run S 10/6/2014 048B2 26-FB Partial Debris Dam Too shallow 0 6 Minor
Liberty Reservoir Keyser Run S 10/6/2014 048B2 27-FB Partial Debris Dam Too shallow 5 3 Minor
Liberty Reservoir Keyser Run S 10/6/2014 048A2 34-FB Partial Road Crossing Too high 6 1 | Moderate
Liberty Reservoir Keyser Run S 10/6/2014 048A2 36-FB Partial Debris Dam Too shallow 18 3 | Moderate
Liberty Reservoir Keyser Run S 10/16/2014 048B1 15-FB Partial Debris Dam Too high 4 2 | Minor
Liberty Reservoir Keyser Run S 10/16/2014 048B1 19-FB Total Debris Dam Too high 24 2 Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 048B1 27-FB Total Natural Falls Too high 15 9 | Moderate
Liberty Reservoir Keyser Run S 10/16/2014 048B1 30-FB Total Natural Falls Too high 15 12 | Moderate
Liberty Reservoir Norris Run S 9/23/2014 047C2 02-FB Total Road Crossing Too high 12 12 | Moderate
Liberty Reservoir Norris Run S 9/30/2014 048B3 10-FB Partial Debris Dam Too shallow 26 3 Low Severity
Liberty Reservoir Norris Run S 9/30/2014 048B3 14-FB Partial Debris Dam Too shallow 10 3 | Low Severity
Liberty Reservoir Norris Run S 9/30/2014 048B3 15-FB Partial Debris Dam Too shallow 6 1 Low Severity
Liberty Reservoir Norris Run S 9/30/2014 048B3 17-FB Partial Debris Dam Too high 24 1 | Severe
Liberty Reservoir Norris Run S 9/30/2014 048B3 24-FB Partial Natural Falls Too shallow 24 1 | Minor
Liberty Reservoir Norris Run S 10/3/2014 048B3 26-FB Total Debris Dam Too shallow 0 0 Minor
Liberty Reservoir Norris Run S 10/3/2014 048B3 27-FB Total Debris Dam Too shallow 0 0 Minor
Liberty Reservoir Norris Run S 10/3/2014 048B3 28-FB Total Natural Falls Too high 31 5 Minor
Liberty Reservoir Norris Run S 10/3/2014 048B3 29-FB Total Natural Falls Too high 13 4 Minor

A-57




Liberty Reservoir SCA Data: Fish Barriers

WATERSHED SUBWATERSHED | SWAP AREA | DATE MAP SITE :;g: KAGE BARRIER TYPE ::g::(]:gE ‘I;V: J: ?IN) ‘I;VE?’.I'-TI:-IR(IN) SEVERITY
Liberty Reservoir Norris Run S 10/3/2014 048A3 05-FB Total Channelized Too high 1 1 Moderate
Liberty Reservoir Norris Run S 10/3/2014 048B3 33-FB Total Debris Dam Too high 3 1 Moderate
Liberty Reservoir Norris Run S 10/3/2014 048B3 34-FB Total Debris Dam Too high 30 3 Moderate
Liberty Reservoir Norris Run S 10/3/2014 048B3 35-FB Total Debris Dam Too shallow 0 1 Minor
Liberty Reservoir Norris Run S 10/3/2014 048B3 39-FB Total Debris Dam Too high 3 5 Minor
Liberty Reservoir Norris Run S 9/26/2014 048A2 08-FB Total Natural Falls Too high 21 8 Minor
Liberty Reservoir Norris Run S 9/26/2014 048A2 10-FB Total Debris Dam Too high 12 25 | Low Severity
Liberty Reservoir Norris Run S 10/10/2014 048A2 17-FB Temporary Natural Falls Too high 18 1 | Minor
Liberty Reservoir Norris Run S 10/10/2014 048A2 18-FB Total Natural Falls Too high 12 1 Minor
Liberty Reservoir Norris Run S 9/29/2014 048B2 01-FB Total Debris Dam Too high 0 2 | Low Severity
Liberty Reservoir Norris Run S 9/29/2014 048B2 03-FB Partial Debris Dam Too high 8 12 | Low Severity
Liberty Reservoir Norris Run S 9/29/2014 048B2 05-FB Total Debris Dam Too high 24 1 Minor
Liberty Reservoir Norris Run S 9/29/2014 048B2 06-FB Temporary Debris Dam Too high 17 2 | Minor
Liberty Reservoir Norris Run S 9/29/2014 048B2 13-FB Total Road Crossing Too high 32 1 Low Severity
Liberty Reservoir Norris Run S 9/29/2014 048B3 05-FB Unknown Natural Falls Too high 48 6 Low Severity
Liberty Reservoir Norris Run S 9/29/2014 048B3 09-FB Total Debris Dam Too high 3 1 | Low Severity




Liberty Reservoir SCA Data: Pipe Outfalls

WATERSHED :UBWATERSHE IS\‘IIRVSXP DATE MAP SITE I)I;I'EFgfl TYPE OF PIPE I':‘OCATIO :’II:)E PIELL Vs::)‘:":{"l(i'll-') EI‘)I::;:“ ::GOEF EOLO gDO SEVERITY
Liberty Cliffs Branch S 9/24/2014 039A 15- Other Smooth Metal Right 2 4 Y Clear None Moderate
DLiberty-y Cliffs Branch S 10/7/2014 0319B ;é‘: Agricultural gtnhher ;rg?:/t 4 6 Y Clear None Low Severity
DLiberty-y Cliffs Branch S 10/7/2014 0319B ;S'; Agricultural Other ;rg?:/t 4 6 N None Low Severity
DLiberty-y Cliffs Branch S 10/13/201 03113 (IJZA'I‘1 Agricultural Concrete Pipe ng;llBank 48 0 N Minor
DLiberty-y Cliffs Branch S 10/1;/201 03113 ;;» Other Plastic Left Bank 10 3 N Clear Minor
DLiberty-y Cliffs Branch S 10/2;1/201 03"1C ;é‘: Agricultural Other Right 4 3 N None Minor
DLiber‘tyA Cliffs Branch S 11/1;3/201 03—’13 (IJ’A?- Agricultural Smooth Metal ;ighlt 12 6 N Clear Low Severity
D ir A 2 DO Din. Danl
Liberty Keyser Run S 10/2/2014 047C 11- Other Plastic Right 6 0 N Minor
D ir o} DO Danl
Liberty Keyser Run S 10/9/2014 048A 44- Stormwater Concrete Pipe Right 15 0 N Minor
r’Liberty" Keyser Run S 10/9/2014 0478A g?— Stormwater Other lI;igvl":lt 6 12 N Minor
r’Liberty" Keyser Run S 10/6/2014 0478A ;g— Overflow Plastic lI;igvl":lt 6 6 Y Other None Moderate
r’Liberty" Keyser Run S 10/16/201 0478B lD;— Agricultural Other lI;igvl":lt 6 5 N Minor
DLiberty" Norris Run S 9/30;2014 0418B ;;— Stormwater Concrete Pipe lI;rgvl":t 60 30 Y Clear Low Severity
DLiber‘tyAr Norris Run S 9/30/2014 0438B ;?r:\- Stormwater Corrugated Pipe ;rgrl.ﬁllt 24 5 Y Clear Low Severity
DLiber‘tyA Norris Run S 9/29/2014 04:8B 82— Stormwater Corrugated metal ;rgvl":lt 24 2 N None Minor
D i 2 DN Ranl
Liberty Reservoir SCA Data: Exposed Pipes
WATERSHED SUBWATERSHED SWAP DATE MAP SITE PIPE IS TYPE OF PIPE AL I;(’;g?;D PURPOSE OF EVIDENCE OF COLOR ODOR | SEVERITY
AREA (IN) (FT) PIPE DISCHARGE
Liberty Reservoir Cliffs Branch S 9/24/2014 039A1 14-EP Above stream Smooth Metal 4 7 Unknown N Green Brown Moderate




Liberty Reservoir SCA Data: Channel Alterations

WATERSHED SUBWATERSHED ;SA‘IIRVQQP DATE MAP SITE TYPE m;g“{::_r) :f g\EA? NIAL SDEE?’ION;IE'I"‘:;N VEGETATION zRog:SIN G f:': gT'\:lE:';ﬁD SEVERITY
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 18-CA Other 5 Y N Y Below 32 | Minor
Liberty Reservoir Cliffs Branch S 9/24/2014 039A1 16-CA Other 10 Y Y Y Above 15 Moderate
Liberty Reservoir Cliffs Branch S 10/1/2014 039A1 20-CA Channel 2 Y N Y Above 18 Minor
Liberty Reservoir Cliffs Branch S 10/1/2014 039A1 18-CA Channel 5 Y N Y No 25 | Minor
Liberty Reservoir Cliffs Branch S 10/16/2014 039A1 34-CA Other 2 Y N Y Both 16 | Low Severity
Liberty Reservoir Cliffs Branch S 10/16/2014 031A3 12-CA Other 0 Y Y Y Both 2 Low Severity
Liberty Reservoir Cliffs Branch S 10/23/2014 031A3 19-CA Other 2 Y N Y Both 5 Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 | 031C3 10-CA Other 18 Y N Y Above 10 | Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 | 031B2 47-CA Concrete 18 Y N N Above 25 | Moderate
Liberty Reservoir Cliffs Branch S 10/7/2014 039B1 38-CA Concrete 12 Y N N Above 10 | Moderate
Liberty Reservoir Cliffs Branch S 10/24/2014 | 031B1 10-CA Rip-rap 20 Y N N Above 20 | Moderate
Liberty Reservoir Cliffs Branch S 10/1/2014 031B2 08-CA Channel 5 Y Y Y No 30 | Low Severity
Liberty Reservoir Cliffs Branch S 10/17/2014 031B2 18-CA Other 36 Y Y Y Above 30 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 27-CA Other 24 Y N N No 10 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 29-CA Other 12 Y N Y No 20 | Low Severity
Liberty Reservoir Cliffs Branch S 10/24/2014 031B2 31-CA Other 36 Y N Y Above 35 Low Severity
Liberty Reservoir Cliffs Branch S 10/30/2014 031B2 32-CA Other 36 Y N N Above 20 | Minor
Liberty Reservoir Cliffs Branch S 10/13/2014 031B2 37-CA Other 18 Y N N Above 15 Minor
Liberty Reservoir Cliffs Branch S 10/13/2014 031B2 40-CA Other 18 Y N N Above 15 Minor
Liberty Reservoir Keyser Run S 10/2/2014 047C2 09-CA Rip-rap 25 Y N Y No 6 | Moderate
Liberty Reservoir Keyser Run S 10/2/2014 047C1 05-CA Concrete 25 Y N Y Above 15 | Moderate
Liberty Reservoir Keyser Run S 10/6/2014 048A2 35-CA Rip-rap 20 Y N N Above 15 Low Severity
Liberty Reservoir Keyser Run S 10/2/2014 048A2 48-CA Concrete 18 Y N N Above 35 Minor
Liberty Reservoir Keyser Run S 10/9/2014 048A2 46-CA Other 24 Y N N Above 10 | Minor
Liberty Reservoir Keyser Run S 10/16/2014 | 048B1 28-CA Other 3 Y N N Above 15 | Minor
Liberty Reservoir Keyser Run S 10/16/2014 048A1 22-CA Rip-rap 3 Y Y Y No 10 | Minor
Liberty Reservoir Keyser Run S 10/2/2014 048A2 05-CA Rip-rap 3 Y N Y No 30 | Minor
Liberty Reservoir Norris Run S 9/23/2014 047C2 01-CA Other 20 Y Y Y Below 30 | Moderate
Liberty Reservoir Norris Run S 9/29/2014 048B3 01-CA Other 48 Y N Y Above 20 | Low Severity
Liberty Reservoir Norris Run S 9/29/2014 048B3 07-CA Other 36 Y Y Y No 15 Moderate
Liberty Reservoir Norris Run S 10/3/2014 048A3 06-CA Other 24 Y N Y Above 12 Moderate




Liberty Reservoir SCA Data: Channel Alterations

WATERSHED SUBWATERSHED :\:‘V&P DATE MAP SITE TYPE \3\2;3“(1#) :f g‘E:I‘l NIAL SDEE?’ION;IE'I"‘:;N VEGETATION zRog:SIN G f:':\ g::ﬂ';ﬁD SEVERITY
Liberty Reservoir Norris Run S 10/3/2014 048B2 16-CA Rip-rap 5 Y N N No 200 | Low Severity
Liberty Reservoir Norris Run S 9/30/2014 048B3 21-CA Rip-rap 24 Y N N No 95 Moderate
Liberty Reservoir Norris Run S 9/29/2014 048B2 02-CA Concrete 48 Y Y Y Above 40 Minor
Liberty Reservoir Norris Run S 9/30/2014 048B3 25-CA Gabion 12 Y N N Above 12 | Minor
Liberty Reservoir Norris Run S 9/29/2014 048B3 11-CA Other 10 Y N N No 131 Moderate
Liberty Reservoir Norris Run S 9/29/2014 048B3 19-CA Other 24 Y N N Above 12 | Minor
Liberty Reservoir Norris Run S 10/3/2014 048B3 36-CA Other 24 Y N N No 122 Minor




Liberty Reservoir SCA Data: Unusual Conditions and Comments

WATERSHED SUBWATERSHED Z‘:‘v:: DATE MAP SITE TYPE DESCRIBE | NOTES POTENTIAL CAUSE SEVERITY
Liberty Reservoir Cliffs Branch S 9/24/2014 | 039A1 06-UC Unusual Condition Other ford crossing - ATV human Minor
Liberty Reservoir Cliffs Branch S 9/24/2014 | 039A1 08-UC Comment Other tributary confluence can't access due to roses n/a Minor
Liberty Reservoir Cliffs Branch S 9/24/2014 | 039A1 | 10-UC Unusual Condition Scum delta deposit w/ frog-slime pool at wetland confluence slack water Minor
Liberty Reservoir Cliffs Branch S 9/24/2014 | 039A1 | 12-UC Unusual Condition Red Flock iron flock discharge from 3" hole in bank ground water Minor
Liberty Reservoir Cliffs Branch S 9/24/2014 | 039A1 17-UC Unusual Condition Other abandoned remnant channel nature Minor
Liberty Reservoir Cliffs Branch S 10/7/2014 | 039B1 | 48-UC Unusual Condition Other split channel high flow events Low Severity
Liberty Reservoir Cliffs Branch S 10/16/2014 | 039A1 30-UC Unusual Condition Other Cut off channel channel ds Moderate
Liberty Reservoir Cliffs Branch S 10/23/2014 | 039A1 | 39-UC Unusual Condition Other cutoff channel Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 | 039A1 | 39-UC Unusual Condition Other cutoff channel, US end avulsion Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 | 031A3 15-UC Unusual Condition Other cutoff channel, US end avulsion Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 | 031A3 38-UC Unusual Condition Other extraction pipe and frame human activity Minor
Liberty Reservoir Cliffs Branch S 10/23/2014 | 031A2 04-UC Unusual Condition Other RIP RAP SEEMINGLY WASHED DOWN STREAM Minor
Liberty Reservoir Cliffs Branch S 10/24/2014 | 031C2 | 23-UC Unusual Condition Other MAKESHIFT CROSSING Minor
Liberty Reservoir Cliffs Branch S 11/18/2014 | 031B3 | 02-UC Unusual Condition Other 4 in Precast Concrete Pressurized Pipe (PCPP) across stream Low Severity
Liberty Reservoir Keyser Run S 10/2/2014 | 047C1 01-UC Unusual Condition Other Central bar in stream channel Minor
Liberty Reservoir Keyser Run S 10/2/2014 | 047C1 | 07-UC Unusual Condition Other Large woody debris jam Severe
Liberty Reservoir Keyser Run S 10/2/2014 | 048A2 | 25-UC Unusual Condition Other Large woody debris jam diverting stream Moderate
Liberty Reservoir Keyser Run S 10/9/2014 | 048A1 | 11-UC Unusual Condition Other ATV crossing Minor
Liberty Reservoir Keyser Run S 10/9/2014 | 048A1 | 12-UC Unusual Condition Other Black algae Minor
Liberty Reservoir Keyser Run S 10/9/2014 | 048A1 | 13-UC Unusual Condition Other ATV crossing Minor
Liberty Reservoir Keyser Run S 10/9/2014 | 048A1 | 16-UC Unusual Condition Other ATV crossing Minor
Liberty Reservoir Keyser Run S 10/6/2014 | 048B2 20-UC Comment Other road crossing, no channelization, some erosion Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 | 048B2 | 28-UC Unusual Condition Other ATV tracks crossing stream Minor
Liberty Reservoir Keyser Run S 10/6/2014 | 04882 | 31-UC Unusual Condition Other ATV tracks crossing stream Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 | 048B2 | 33-UC Unusual Condition Other ATV tracks crossing stream Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 | 048A2 | 28-UC Unusual Condition Other ATV tracks crossing stream Low Severity
Liberty Reservoir Keyser Run S 10/6/2014 | 048A2 | 32-UC Unusual Condition Other downed cables in stream Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 | 048B1 | 24-UC Unusual Condition Other Vehicle crossing Low Severity
Liberty Reservoir Keyser Run S 10/16/2014 | 048B1 | 33-UC Comment Other 8' wooden crossing Minor
Liberty Reservoir Keyser Run S 10/16/2014 | 048A1 25-UC Comment Other mint patch in stream Minor
Liberty Reservoir Norris Run S 9/23/2014 | 047C2 03-UC Comment rivulet behind wing wall of downstream end of culvert runoff from road Minor
Liberty Reservoir Norris Run S 9/23/2014 | 047C2 | 04-UC Comment debris jam upstream of box culvert Moderate




Liberty Reservoir SCA Data: Unusual Conditions and Comments

WATERSHED SUBWATERSHED Z‘:‘v:: DATE MAP SITE TYPE DESCRIBE | NOTES POTENTIAL CAUSE SEVERITY
abandoned
Liberty Reservoir Norris Run S 9/30/2014 | 048B3 12-UC Unusual Condition Other temporary stream crossing development site Severe
Liberty Reservoir Norris Run S 9/30/2014 | 048B3 16-UC Unusual Condition Other large metal tank in stream Minor
Liberty Reservoir Norris Run S 9/30/2014 | 048B3 18-UC Unusual Condition Other remnant damn structure. stream bypassed to right Moderate
Liberty Reservoir Norris Run S 9/30/2014 | 048B3 20-UC Unusual Condition Other unknown concrete impoundment Severe
Liberty Reservoir Norris Run S 10/3/2014 | 048B3 32-UC Unusual Condition Qil oil boom in stream Low Severity
Liberty Reservoir Norris Run S 10/3/2014 048B3 37-UC Comment atv tracks into stream Low Severity
Liberty Reservoir Norris Run S 10/3/2014 | 048B3 | 53-UC Comment atv tracks wind in and out of stream up to this point Low Severity
Liberty Reservoir Norris Run S 9/29/2014 | 048B2 | 07-UC Unusual Condition Oil Qil in water Minor
Ford across utility raw with broken gabion basket; remnant culvert pipe, oil

Liberty Reservoir Norris Run S 9/29/2014 | 048B2 10-UC Unusual Condition Other booms on either side Utility Crossing Moderate
Liberty Reservoir Norris Run S 9/29/2014 | 048B2 11-UC Unusual Condition Other Utility critical infrastructure on LB Minor
Liberty Reservoir Norris Run S 9/29/2014 | 048B3 | 06-UC Unusual Condition Other Irrigation Pipe Ag Field Minor
Liberty Reservoir Norris Run S 10/10/2014 | 048A2 | 16-UC Comment Other male brook trout in stream Minor
Liberty Reservoir Norris Run S 10/10/2014 | 048A2 | 19-UC Unusual Condition Other landscaping dumping area Minor




APPENDIX B:

UPLANDS SURVEY DATA



NEIGHBORHOOD INFORMATION AND RECOMMENDED ACTIONS

Lot Open-
Down- Canopy % Trash Space- Parking- Lot
Sub- Neighborhood spout Rain Rain # Bay- | Improve- | Fertilizer | Lawns- [ Pet | Manage- [ Buffer | Street | Shade- Park Lot- Alley Street Size | Impervious
watershed NSA ID Name Ac PSI ROI Redirect | Barrel | Garden | Stencil | Inlets | scape ment [ Reduction | High | Waste | ment | Impact | Trees | Trees | Creation | Retrofit | Retrofit | Sweeping Other Action Acres Acres
Mapped stream on
Board-Aspen Arcadia lot is roadside
Run NSA_S_0101 |Avenue 16|Moderate |Moderate |N N Y N Y Y N 0[N N N 0 0[N N N 0 ditch (no buffer) 1-3 1.6
Cliffs Branch NSA_S_0201 | Armacost 5[Low Moderate [N N Y N Y Y N 0[N N N 0 0[N N N 0 None 1/2 4.0
7 cars on one
property, pallets
by road (5010
Cliffs Branch NSA_S_0202 | Fairview 10{Moderate |Moderate |N/A N/A N/A N Y Y N 0[N N N 0 0[N N N 0 Frye Rd) 1 2.0
Midsummer
Cliffs Branch NSA_S_0203 | Hill 87|Moderate |Moderate [N N Y N 31 Y Y Y 50|N N N 0 0[N N N 0 None 1-3 13.0
Glen Falls Run  |NSA_S_0301 [Wood Glen 110 Low High N N Y Y 6 Y Y N O|N N N 0 O|N N N 0 None 3-5 16.5
2 lots have cars
Old Hanover parked long -
Glen Falls Run  [NSA_S_0302 |Road 31|Moderate |High N N Y N Y Y N 0[N Y Y 0 O|N N N 0 term/abandoned |1/2 4.7
Glen Falls Run  |NSA_S_0303 [Woodridge 90| High Moderate [N N Y Y 9 Y Y Y 50|N N N 0 0[N N N 0 None 3-5 8.1
Glen Falls Run  |NSA_S_0304 [Nob Hill 56| Low High N N Y Y 9 Y Y N 0[N N N 0 O0|N N N 0 None 1-3 113
potential for
additional trees
planted along road
Glen Falls Run  [NSA_S_0305 | West Gate 6|Low Moderate [N N N N 10 Y Y N 0[N N N 4 O|N N N 0 into development [<1/4 4.1
Glen Falls Run  [NSA_S_0306 |Goshen 14|Moderate |High Y Y Y Y 4 Y Y N 0[N N N 0 O|N N N 0 None 1/2 4.2
Liberty
Reservoir-B NSA_S_0401 | Woodleaf 110 | Low Moderate |[N/A N/A N/A Y 4 Y N N O|N N N 0 0[N N N 0 None 3-5 11.0
No stream buffer
(mowed)-1006
Green Hill Farm; 5-
10 foot buffer
Green Hill (mowed)-1020
Keyser Run NSA_S_0501 | Farms 84|Moderate |High N N N Y 11 Y Y N 0[N N Y 0 0[N N N 0 Green Hill Farm 1-3 12.7
Keyser Run NSA_S_0502 |Gouline 40| Low Low N/A N/A N/A N Y N N OfN N N 0 0[N N N 0 None 3-5 2.0
Keyser Run NSA_S_0503 | Harvest View 6|High Low N N N N 10 Y N Y 100|N N N 0 0[N N N 0 None N/A 3.6
Changed
neighborhood
perimeter to
include SWM
facility, potential
for bioswales to
Keyser Run NSA_S_0504 |Stone Mill 22| Moderate |High Y Y N N 22 Y Y N 0[N N N 0 ofy N N 0 yard inlets N/A 143
Liberty Cockeys Mill
Reservoir-E NSA_S_0601 |Road 20| Low Moderate |[N/A N/A N/A N Y Y N OfN N N 0 0[N N N 0 None 1-3 2.0
Franklin
Norris Run NSA_S_0701 | Valley 109 | Low Moderate |[N/A N/A N/A Y 6 Y N N 0[N N N 0 0N N N 0 None 1-3 5.4




NEIGHBORHOOD INFORMATION AND RECOMMENDED ACTIONS

Lot Open-
Down- Canopy % Trash Space- Parking- Lot
Sub- Neighborhood spout Rain Rain # Bay- | Improve- | Fertilizer | Lawns- [ Pet | Manage- [ Buffer | Street | Shade- Park Lot- Alley Street Size | Impervious
watershed NSA ID Name Ac PSI ROI Redirect | Barrel | Garden | Stencil | Inlets | scape ment [ Reduction | High | Waste | ment | Impact | Trees | Trees | Creation | Retrofit | Retrofit | Sweeping Other Action Acres Acres
Whispering
Norris Run NSA_S_0702 | Oaks 117|Moderate [High N N Y Y 2 Y Y Y 25|N N N 0 0|N N N 0 None 5-10 5.8
Norris Run
Norris Run NSA_S_0703 | Woods 30| Low Low N N N Y 3 Y N N 10|N N N 0 0|N N N 0 None 1-3 3.3
Glyndon Trace
Norris Run NSA_S_0704 |Condo Il 21|Moderate |Moderate |Y Y N N 24 Y Y N O|N N N 0 0|N N N 0 None <1/8 13.4
Retrofit yard inlet
to rain
garden/bioswale;
potential
rain gardens for
downspouts
draining to open
space; SWM
Franklin facilities
Norris Run NSA_S_0705 | Station 21| Low High N N N N 29 Y Y N O|N N N 16 olY N N 0 unmaintained 1/4 11.7
Norris Run NSA_S_0706 | Helen Baker 10| Low Low N N N N Y Y N O|N N N 0 O|N N N 0 None 1/2 1.0
Liberty
Reservoir-C NSA_S_0801 | Lonach Farm 117|Moderate [Moderate [N N N N Y N N 10|N N N 0 0|N N N 0 None 3-5 5.9
Potential tree
plantings
Saffell around SWM
Timber Run NSA_S_0901 |Property 88| Moderate |Low N N Y N 34 Y Y Y 50|N N N 0 46 (Y N N 0 facilities 1-3 8.8
Berrymans
Timber Run NSA_S_0902 |Lane 14|Moderate |Low N N N N Y Y N 0N N N 0 0[N N N 0 None 1 1.4
Cooks Branch NSA_S_1001 | Deer Cross 112 |Low Low N N N N 17 Y N N 10|N N N 0 O|N N N 0 None 1-3 5.6
Potential tree
plantings in
traffic circle;
potential
encroachment on
stream
Liberty buffer (east of
Reservoir-F NSA_S_1101 |Folly Quarter 160|Moderate [High N N N Y 19 Y Y N 15|N N Y 0 4[N N N 0 swim club) 1-3 16.0
Liberty
Reservoir-F NSA_S_1102 |Beall Property 38|Moderate |Moderate [N/A N/A N/A N Y Y N 0[N N N 0 O|N N N 0 None 3-5 3.8
Trash piled up
outside
multiple
outbuildings;
potential
Wards Chapel encroachment
Chimney Branch [NSA_S_1201 |Road 55| High Moderate [N N N N Y Y N 0[N N Y 0 O|N N N 0 to stream buffers [1-3 2.7
No SWM Facility-
Liberty Reservoir Privately owned
Reservoir-A NSA_S_1301 |Ridge 85|Moderate |Moderate [N/A N/A N/A Y 5 Y Y N O|N N N 0 0[N N N 0 property 3-5 4.2




NEIGHBORHOOD INFORMATION AND RECOMMENDED ACTIONS
Lot Open-
Down- Canopy % Trash Space- Parking- Lot
Sub- Neighborhood spout Rain Rain # Bay- | Improve- | Fertilizer | Lawns- [ Pet | Manage- [ Buffer | Street | Shade- Park Lot- Alley Street Size | Impervious
watershed NSA ID Name Ac PSI ROI Redirect | Barrel | Garden | Stencil | Inlets | scape ment [ Reduction | High | Waste | ment | Impact | Trees | Trees | Creation | Retrofit | Retrofit | Sweeping Other Action Acres Acres

Shipes Lane is a
private driveway.
Did not have
access to these

Locust Run NSA_S_1401 |Barnes Road 32| Low Low N/A N/A N/A N Y N N OfN N N 0 0[N N N 0 homes. 1-3 4.8

Locust Run NSA_S_1402 |Hernwood 28| Low Moderate [N N N N Y Y N O|N N N 0 0|N N N 0 None 1/2 5.6




INSTITUTION INFORMATION AND RECOMMENDED ACTIONS

Nutrient # Trees Storm- Impervious Trash Storm Buffer Pollution
Public/ Manage- for water Downspout Cover Manage- Drain Improve- Follow-up Invasive Prevention
Site ID Subwatershed|Name Type Private ment Planting Retrofit Disconnect Removal ment Marking ment Inspection Removal Plan Notes
SWM to receive street flow. No close
downstream inlet; Downspout disconnect
for a portion of downspouts. Not all
Board-Aspen [St. Paul's Evangelical Faith- downspouts; SWM retrofit to treat parking
ISI_S_0101 Run Lutheran Church based Private N 28|y Y N N N N N N N lot
Faith- Only a portion of the church parking lot is in
ISI_S_0201 Cliffs Branch |Boring United Methodist Church |based Private N 0[N N N N N N N N N the Liberty Reservoir watershed.
SWM would be treating building roof runoff
and portion of lawn. Existing inlet
downstream of location. Inlet full of grass
Faith- clippings; tree planting: line drive to church,
ISI_S_0202 Cliffs Branch |Living Hope Baptist Church based Private N 104y N N N N N N N N perimeter of property.
Buffer/restoration planting originally 600
saplings. Deer herd ate all but 50. Areas
currently un-mowed, meadow; Recommend
Assoc. Jewish Charities, follow-up by Co. way to improve survival of
Camp Milldale/Pearlstone Faith- saplings. Revisit old planting sites. Educate
1SI_S_0203 Cliffs Branch [Retreat based Private N 268|N N N N Y Y N N N grounds staff on methods for tree survival
Strip of asphalt can be removed; entire lot is
ISI_S_0204 Cliffs Branch |Woodenburg Cemetery Cemetery Private N 0[N N Y N N N N N N cemetery
Site is built out. No space for any retrofits or
plantings. Possible to educate about
pervious pavement in the event the parking
Mt. Gilead United Faith- lot is resurfaced. 80% of lot is impervious,
1SI_S_0205 Cliffs Branch |Methodist Church based Private N 0[N N N N N N N N N ~60% is parking lot
Future education effort: Correct lawn
Owings Mills Harvest Faith- maintenance. Property has a lot of mowed
ISI_S_0301 Glen Falls Run |Church of God based Private Y 103|N N N N N Y N N N grass.
Northwest Baptist Faith- Remove invasive species from stream buffer
1SI_S_0302 Glen Falls Run|Church based Private N 0[N N N N N N N Y N and from existing SWM facility.
Reisterstown Moose Faith- Future education effort: May be opportunity
ISI_S_0401 Glen Falls Run|Lodge 1577 based Private N 33|N N N N N N N N N to reach community members for outreach.
Parking lot in SW corner of lot needs broken
Middle pavement to be removed, could be replaced
ISI_S_0701 Norris Run Franklin Middle School School Public N 137y N Y N Y Y N Y N with pervious pavers
Future education effort: grass growing up
1.5.5.0. Kalupur Dham Shree through parking lot; Sediment accumulating
Swaminarayan Faith- on lot; May be able to put in a new SWM
ISI_S_0702 Norris Run Hindu Temple based Private N 53|y N N Y Y N N N N facility in low spot off parking lot.
Remove invasive species (tear-a-thumb)
Elementary Impervious removal on south side of lot near
ISI_S_0703 Norris Run Franklin Elementary School School Public N 58|N Y Y N Y Y N Y N stage, asphalt path broken up/overgrown
Future education effort: Inlet has sediment
buildup inside; Possible SWM retrofit
Reisterstown United Faith- downgrade of parking lot. Possible SWM
1SI_S_0704 Norris Run Methodist Church based Private N ofy N Y N Y N N N N retrofit behind church (or plantings).
Baltimore Hebrew
ISI_S_0705 Norris Run Congregation Cemetery Private N 88|Y N N N Y N N N N Parking lot breaking up




INSTITUTION INFORMATION AND RECOMMENDED ACTIONS

Nutrient # Trees Storm- Impervious Trash Storm Buffer Pollution
Public/ Manage- for water Downspout Cover Manage- Drain Improve- Follow-up Invasive Prevention
Site ID Subwatershed|Name Type Private ment Planting Retrofit Disconnect Removal ment Marking ment Inspection Removal Plan Notes
Possible SWM retrofit in open area next to
parking lot; Tree planting behind building
Faith- without causing view disruption to
ISI_S_0706 Norris Run Bible Fellowship Church based Private N 202|Y N N N N N N N N monument (3 crosses).
ISI_S_0707 Norris Run Oheb Shalom Memorial Park Cemetery Private N 96|N N N N Y N N N N None
Covenant of Grace
Presbyterian Church Faith- Convert existing pond into a SWM facility to
ISI_S_0708 Norris Run in America based Private N 110|Y N N N N N N N N treat parking lot runoff
Municipal Further evaluate outfall erosion and possible
ISI_S_0709 Norris Run Reisterstown Library Facility Public N 5[N N Y N Y N Y Y N stabilization and possible SWM
Reisterstown Evergreen Church |Faith- Parking lot breaking up, a few downspouts
ISI_S_1001 Cooks Branch |of the Brethren based Private N 4N Y N N N N N N N have room for disconnection, not all
Deer Park United Methodist Faith-
ISI_S_1002 Cooks Branch |Church based Private N 3[N N N N N N N N N None
Parking lot could be reconfigured to remove
excess impervious and to add SWM to treat
parking lot. Potential for bioswales in
Liberty Liberty Church, PCA and Faith- medians or larger SWM facility at
1SI_S_1301 Reservoir-A  [Christian School based Private N 37|y N Y N Y N N N N downstream side of parking lot.
Faith- Old church used for rosary readings and
ISI_S_1401 Locust Run Roman Catholic Church based Private N 0[N N N N N N N N N cemetery. No recommended action.
Curb cuts drain to open space, not flush with
Faith- existing ground parking lot, may cause
ISI_S_1402 Locust Run _ [Baltimore Christian Faith Center |based Private N 100(N Y N Y Y N N N N problem in future
Emmaus Missionary Baptist Faith- Recent tree planting, parking lot just
ISI_S_1403 Locust Run Church based Private N 0[N N N N N N N N N repaved, no recommended action.




HOTSPOT INFORMATION AND RECOMMENDED ACTIONS

b refer I Test Check 5 Review . hicl d Waste hysical £/Land
sew B oo [t o Jeson focs (o755 o o e Covary oo e S [1ant o
IDDE Permit PAA ment
ment
Board-Aspen Open space for tree planting and
HSI_S_0101 Run Not Hotspot N N N N N Y Y N Roller Skating Rink Commercial N N Y Y N N possible SWM
facility
PAA: tree planting alongside and back
HSI_S_0201 |Cliffs Branch  [Not Hotspot N N N N N N Y N Lawn Equipment Store |Commercial N Y Y N N N of lot in
open grass areas
Majority of site could not be viewed,
HSI_S_0202 |Cliffs Branch  [Potential Hotspot |N Y N N N N N N Auto Repair Shop Commerecial Y Y N/A N/A N N/A behind fence.
Follow up inspection.
Could not tour the property. Head
HSI_S_0203 |Cliffs Branch  [Potential Hotspot |N Y N N N N N N Propane Tank Shop Commercial Y Y Y N N N waters
behind the site.
Were unable to assess the site, private
HSI_S_0301 property, no. .
- trespassing sign, and nothing visible
from roadway
Portion of secondary driveway
. . breaking up.
HSI_S_0302 |Glen Falls Run |Potential Hotspot [N N N Y N N N N Restaurant Commerecial Y N Y Y N N .
Remove broken areas and replace with
|gravel.
More thorough investigation needed
based on
amount of sediment; Bare soil near
back of lot
HSI_S_0303 |Glen Falls Run |Potential Hotspot [N Y N N N N Y N Farm Industrial Y Y Y Y N Y appears to have E&S from aerials.
Possible plantings
along NW property line could aid in
stream buffer
improvements.
Future education effort: Better storage
of soil
stockpiling not upstream of inlet (no
HSI_S_0304 |Glen Falls Run [Potential Hotspot [N N N v N v N N Garden Center Landscaping v v v v v v E&S); inlet )
located in middle of gravel parking lot.
Significant
sediment in inlet (catch basin) -
possible SWM.
Follow-up inspection: someone who
can get access;
future education: lawn care.
Glen Falls bayscaping on front area;
HSI_S_0305 Run Potential Hotspot |N Y N Y N N Y Y Construction Commercial Y Y Y Y Y Y PAA: possible inspection needed to
verify; A lot of
sediment behind building; Could not
access back of
site. Possible SWM. Possible plantings.
Possible inlet overgrown and covered
with trees and
Glen Falls rubble. Tree planting in Open Space
HSI_S_0306 Run Not Hotspot N N N N N \4 \4 N N/A Transport-Related [N/A N/A N/A N N N/A and possible SWM
retrofit (bioswale) to treat parking lot.
Need to confirm
existence of downstream inlet.
Overall site looks good. Main concern
HSI_S_0307 Glen Falls Potential Hotspot [N Y N Y N N N N Lumber Mill and Shop |Commercial Y Y Y Y N Y s excessive
Run amount of sediment on pavement near
storm drains.

B-6




HOTSPOT INFORMATION AND RECOMMENDED ACTIONS

b refer I Test Check 5 Review . hicl d Waste hysical £/Land
sew B oo [t o Jeson focs (o755 o o e Covary oo e S [1ant o
IDDE Permit PAA ment
ment
Follow up visit to inspect further.
Future education efforts: trash and
grease clean-up;
. . Grease spill-litter applied but not

HSI_S_0501 |Keyser Run Potential Hotspot N N N Y N N \ N Grocery Store Commercial N/A Y Y Y Y Y e
removed; Possibility
for tree planting next to building-
Currently turf.
PAA: planting in grass strip by parking
lot; small parking
lot where golf carts are stored could be
treated by

HSI_S_0502 |Keyser Run Potential Hotspot |N N N N N Y Y N Golf Course Golf Course Y N Y N Y N micro-bioretention facility; possible to

convert pond to

treatment pond; eroded stream bank
downstream,

restore stream and increase buffer

Improve trash management and empty
HSI_S_0701 |Norris Run Potential Hotspot N N N Y N N N N Landscaping Commercial Y Y Y N Y N/A dumpsters
more regularly

Power plant is mostly gravel and fields.
No opportunity

HSI_S_0702 |Norris Run Not Hotspot N N N N N N N N Power Plant Industrial Y N/A Y N N N X
for tree planting due to overhead
power lines.
New curb cut leading to riprap w/
cleanouts, possible
HSI_S_0703 |Norris Run ﬁz;'sf:g;ed N N N v N N N Y Highway Shop Municipal v % % % N N fr\ji'\e"\;vnse\;‘;:fﬁzr"asr‘ management,
to high amount of sediment on
pavement
Were unable to assess the site, private
HSI_S_0901 [Timber Run \ Contractor Commercial N/A N/A N/A N/A N/A N/A fr':s‘;ea’s‘;n ’;"Signl and nothing visible
from roadway
Liberty . .
HSI_S_1101 . Potential Hotspot N N N N N N N N Nursery Commerecial Y Y Y Y Y N/A None
Reservoir-F
Liberty Potential for tree planting in the back
HSI_S_1102 Reservoir-F Potential Hotspot |N N N Y N N Y N Auto Repair Shop Commercial Y Y Y Y N N/A of the property,
better trash management
HSI_S_1401 |Locust Run Potential Hotspot N N N Y N N N N RV Company Commercial Y Y Y Y N N/A Site in need of better trash

management
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SUPPORTING CALCULATIONS FOR NSA ANALYSIS



Supporting Calculations for NSA Analysis
Downspout Disconnection

Table 4-3 in the Liberty Reservoir Watershed Characterization Report summarizes rooftop acres and %
of subwatershed rooftop area addressed by downspout redirection for the recommended
neighborhoods. The method in which these two columns were calculated is described below.

Rooftop Acres Addressed

Only NSAs recommended for downspout redirection contribute to this analysis. Rooftop acres addressed
by redirecting downspouts in a recommended neighborhood were calculated as follows:

Acres of Buildings x % Connected Downspouts

For example, NSA_S 0306 was recommended for downspout redirect and has a total of 1.13 acres of
buildings (i.e., rooftop) based on Baltimore County’s GIS buildings layer. During the uplands survey, it
was estimated that 45% of the downspouts in NSA_S_0306 were directed onto impervious surfaces.
Therefore, the total rooftop acres addressed by redirecting downspouts in this neighborhood could be
1.13 acres x 0.45 = 0.51 acres.

In some cases, NSAs encompass more than one subwatershed. The rooftop acres addressed for a given
subwatershed is calculated as the total rooftop acres in the NSA multiplied by the proportion of the NSA
area within that subwatershed. NSA_S_0504, for example, overlaps Keyser Run and Norris Run where
57.7% of its area is within Keyser Run and 42.3% is within Norris Run. During the uplands survey, it was
estimated that 40% of the downspouts in NSA_S_0504 were directed onto impervious surfaces. Given
that the neighborhood has 4.15 acres of buildings, the rooftop acres addressed by redirecting
downspouts in NSA_S 0504 in Keyser Run were calculated as 4.15 acres x 0.577 x 0.40 = 0.96 acres. The
rooftop acres addressed through redirecting downspouts in Norris Run were 4.15 acres x 0.423 x 0.40 =
0.70 acres.

% of Subwatershed Rooftop Area Addressed

For a given subwatershed, the % of subwatershed rooftop area addressed by downspout redirection
was calculated as:

(5 Individual NSA Rooftop Acres Addressed / Total Subwatershed Rooftop Acres) x 100%

The total acres of rooftop within a subwatershed we